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INTRODUCTION

Despite advances in surgical techniques and immunosup-
pressive therapy to prevent allograft rejection, cytomegalovirus
(CMV) remains a major health threat after solid-organ trans-
plantation. Indeed, the clinical importance of this virus has
grown in parallel with the increasing number of solid-organ
transplant recipients. In transplant recipients, the clinical
symptoms related to CMV disease and the prevention of CMV

infection show variation among different patient populations,
depending on the type of transplant and the intensity of im-
munosuppression. The prevalence of life-threatening CMV
complications has, fortunately, been reduced by pharmacologic
intervention, resulting in improved patient survival. Treatment
and prevention of CMV infection have assumed increasing
importance in the care of transplant recipients relative to the
availability of effective antiviral agents as well as new diagnos-
tic techniques. This article reviews the epidemiology of CMV
infection in solid-organ transplant recipients and describes the
varied clinical manifestations of CMV disease. Techniques for
CMV detection currently in use are outlined. Pharmacologic
interventions, both for the treatment and the prevention of
CMV disease in solid-organ transplant recipients, are reviewed.
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EPIDEMIOLOGY

Infection caused by CMV is common, affecting most of the
population, but associated disease is an exceptional event in
normal individuals. However, among immunosuppressed pa-
tients, such as recipients of organ allografts, CMV provokes a
number of disparate outcomes.

CMV shares with other herpesviruses the ability to remain
latent in tissues after it has occasioned acute infection. Unlike
other herpesviruses such as herpes simplex virus and varicella-
zoster virus, which remain latent in highly restricted areas of
the body, latent CMV can be found in multiple body sites,
although it causes disease in only some of these and then only
in certain patient groups (181). CMV infects humans of all
ages, although the peak period of viral acquisition in the gen-
eral population occurs early in life (57, 202). In the population
at large, primary infection occurs by direct close personal con-
tact via exposure to bodily fluids such as saliva, tears, urine,
stool, semen, and breast milk. Infants may acquire CMV trans-
placentally as a result of maternal viremia or perinatally via
breast milk. In later childhood, close physical contact facilitates
transmission. Notably, infection in children is usually asymp-
tomatic. Young children in day care centers transmit the virus
to other children as well as to susceptible adults, including
transplant recipients (3, 4, 188, 331, 442). In large day care
centers, approximately half of all children experience active
CMV infections and 10% to 15% of uninfected children be-
come infected each year (138, 210, 310). The highest preva-
lence rates of active viral transmission and excretion are found
in children 13 to 24 months of age (97). Depending on the
population surveyed, the prevalence of CMV antibody sero-
positivity in various regions ranges from 40 to 100% (25, 202,
283, 389, 468). In populations from high socioeconomic envi-
ronments, up to 62% of adolescents are CMV seropositive
(178, 283). It is estimated that the annual incidence of CMV
infection for female day care workers of childbearing age may
be as high as 20% (3, 4, 331). CMV can be heterosexually and
homosexually transmitted; seroprevalence is high among pa-
tients examined at sexually transmitted disease clinics (60, 69,
100, 191, 216, 303, 435, 439, 495).

Approximately 50% of transplant patients excrete CMV in
body secretions (e.g., saliva and urine) at some stage after
organ transplantation (9, 177, 388); this usually begins in the
first month following transplant surgery. Viral shedding
reaches peak levels during the second and third months fol-
lowing transplantation, at which time it may be associated with
disease (177, 248). The incidence of symptoms related to CMV
infection varies among different types of allograft recipients
(Table 1). In general, liver, pancreas, lung, intestinal, and heart
transplant recipients have a greater incidence of CMV disease
than do kidney transplant recipients. Symptomatic infections
occur in approximately 39 to 41% of heart-lung, 9 to 35% of
heart, 22 to 29% of liver and pancreas, and 8 to 32% of renal

transplant recipients not receiving antiviral prophylaxis (179,
201, 334). Recipients of living-related kidney allografts expe-
rience less morbidity associated with CMV infection than do
those receiving cadaveric renal allografts (450).

In the transplant population, three patterns of CMV infec-
tion are observed, each with a different propensity for causing
clinical disease. Primary infection develops in a CMV-seroneg-
ative individual who receives blood products and/or an organ
from a CMV-seropositive donor. Most primary CMV infec-
tions in organ transplant recipients are due to transplantation
of an organ carrying latent virus from a seropositive donor.
Secondary or reactivation infection occurs when latent CMV
reactivates posttransplantation in a CMV-seropositive recipi-
ent. CMV superinfection or reinfection occurs in a CMV-
seropositive host who receives cells and/or an organ from a
seropositive donor, with reactivation of latent virus present in
the allograft or reinfection by a new strain of CMV. It is not
possible to distinguish superinfection from reactivation infec-
tion unless sophisticated genetic studies are used (63, 64, 67).
Nonetheless, there is some indication that reinfection is more
frequent than reactivation of endogenous CMV (67). The fre-
quency of primary infection depends on the number of suscep-
tible or CMV-seronegative organ recipients and the availability
of a source of transmission. Symptomatic disease occurs most
frequently in patients experiencing primary infection, where it
occurs in 40 to 60% of patients (26, 101, 198, 299, 420, 433).

PATHOGENESIS

Following primary CMV infection in the normal host, the
virus remains in a latent state (or persists as a low-grade
chronic infection), a feature it shares with other herpesviruses.
CMV genomic material has been found in monocytes/macro-
phages (405, 434), neutrophils (158, 405), lymphocytes (412),
and endothelial cells (173); however, the exact site(s) of la-
tency remains to be elucidated. Three virus-associated factors
have been found to be important in the pathogenesis of CMV
disease: the cell-bound nature of CMV, its tendency to dissem-
inate throughout the body via the bloodstream, and its mono-
cytotropic character. The presence of latent virus in monocytes
forms a circulating reservoir that may sustain full viral repli-
cation when differentiation into macrophages occurs (462).

Whatever the site(s) of latency, reactivation of latent virus is
the critical step in the pathogenesis of CMV infection follow-
ing solid-organ transplantation. The replication of CMV oc-
curs in a temporally regulated fashion, with the immediate-
early (IE) genes regulating the subsequent transcription and
translation of the early and late gene products (251). A number
of factors can affect the interaction between the host immune
system and the virus, most important of which is a shift in favor
of the virus when the host immune system is compromised,
such that infection can be associated with disease. There is no
evidence that the varied clinical manifestations are due to
strains of CMV with different virulence or tissue tropism; the
major determinant of disease appears to be in host factors.

Following primary CMV infection in the normal host, long-
term immunity develops, controlling viral persistence—a situ-
ation that is lacking following solid-organ transplantation.
While humoral immunity provides the best evidence of prior
infection and the ability to transmit the virus, cytotoxic T lym-
phocytes are the key host defense against CMV (47, 135).
Failure to reconstitute CMV-specific cellular immunity after
transplantation leads to progressive CMV disease (45, 365,
374, 506). The spectrum and severity of clinical CMV disease
are dependent on the type of organ transplant, the pretrans-

TABLE 1. CMV disease in solid-organ transplant recipients

Organ
transplanted

Frequency of CMV
disease (%)a

Organ predisposed
to infection

Kidney 8–32
Liver 22–29 Liver
Heart 9–35
Kidney-pancreas 50 Pancreas
Small bowel 22 Intestine
Heart-lung 39–41 Lung

a Data from references 179, 201, and 334.
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plant serologic status of the donor and recipient, the immuno-
suppressive regimen used, and the intensity of graft rejection.

The single most important risk factor for the development of
CMV disease in any solid-organ transplant is primary CMV
exposure (35, 63, 64, 137, 166, 183, 351, 420, 427). Secondary
infections occurring in CMV-seropositive hosts often remain
asymptomatic because immunologic memory can be rapidly
mobilized, limiting the extent of viral replication. In contrast,
primary infections occurring in seronegative individuals who
have no preexisting immunity may be associated with severe
morbidity (and even mortality), because extensive viral repli-
cation may occur before antiviral immune responses are
mounted (462). Modification of immunity by the use of anti-
lymphocyte antibodies or other agents that influence cell-me-
diated immunity, increases the risk of CMV disease (260, 393).
There is some suggestion that allograft recipients with human
leukocyte antigen (HLA)-B7-positive donors are at an in-
creased risk for developing active CMV infection and disease
(45).

CMV is an active inducer of some members of the herpes-
virus family (1). Rises in Epstein-Barr virus (EBV) antibody
titers are seen in transplant recipients with symptomatic CMV
infection (12, 206). Evidence of human herpesvirus 6 (HHV-6)
seroconversion following liver transplantation may be a marker
for CMV disease (98), and HHV-6 may infect the liver allo-
graft in association with CMV infection (257). HHV-6 infec-
tion itself is not usually associated with severe clinical mani-
festations in liver transplant recipients unless accompanied by
concomitant CMV infection (194). After renal transplantation,
HHV-6 reactivation and the simultaneous detection of both
HHV-6 and CMV DNA in either urine or serum is a strong
predictor of CMV disease (93, 369).

The critical exogenous factor influencing CMV reactivation
following transplantation is the type and intensity of immuno-
suppressive therapy (389). The level of immunosuppression in
any given patient is determined by the dose, duration, and
temporal sequence in which immunosuppressive medications
are administered, which in turn influences the course of CMV
infection posttransplantation. Most antirejection agents used
in solid-organ transplantation depress cell-mediated immunity;
however, blunted antibody responses and leukopenia may also
result from the use of these agents. Azathioprine inhibits cell
proliferation and may result in leukopenia. Cyclosporine has
minimal effect on reactivation of latent virus but interferes
significantly with the ability of the host to control such infec-
tion (389). High cyclosporine levels in blood have been asso-
ciated with an increased risk of developing CMV disease (34).
It has been proposed that immunosuppression with tacrolimus
(FK506) may be associated with a lower incidence of CMV
disease than cyclosporine (422), but this remains to be proved.
Steroids by themselves appear to have a minimal effect on
reactivation of latent CMV. However, the addition of high
doses of corticosteroid to antilymphocyte therapy has been
associated with a higher incidence and increased severity of
CMV disease (260). Mycophenolate mofetil (MMF) selectively
suppresses the proliferation of T and B lymphocytes. While its
use has dramatically reduced the incidence of rejection in renal
transplant patients, a slight increase in CMV invasive disease
has been noted in MMF-treated patients (especially those
given high doses) compared to those receiving conventional
azathioprine-containing immunosuppressive regimens (164,
204, 287, 306, 481); this effect has not been seen when MMF is
given at lower doses (401). A similar effect has not been noted
in liver transplant recipients receiving MMF-tacrolimus-corti-
costeroid immunosuppression compared with those receiving
the tacrolimus-corticosteroid combination (108). Nor was a

difference in the incidence of CMV infection observed in lung
transplant patients given either an azathioprine-containing
regimen or MMF-based immunosuppression (387). Interest-
ingly, MMF potentiates the anti-CMV activities of acyclovir as
well as of ganciclovir (321).

The use of such compounds as antithymocyte or antilym-
phocyte globulin and muromonab-anti-CD3 (OKT3) monoclo-
nal antibodies, either as induction therapy or for allograft
rejection treatment, enhances the rate of symptomatic CMV
infection, especially in CMV-seropositive individuals (9, 17, 45,
61, 197, 221, 242, 332, 344, 351, 359, 389, 420, 453, 505). These
compounds not only diminish the capability of the host to
mount immune surveillance but also increase reactivation of
latent CMV from infected cells (45, 197, 242, 332, 359, 453).
The risk is maximal when antilymphocyte therapy is used for
the treatment of organ rejection, with CMV disease being
diagnosed three to four times more frequently than in patients
not receiving antilymphocyte therapy (197, 301, 394).

As new immunosuppressive agents are developed and intro-
duced as part of the treatment arsenal for transplant patients,
the incidence, severity, and relapse rates of CMV infection
may be modified. This will have implications for viral surveil-
lance and prophylaxis or preemptive therapy.

In addition to pharmacologic agents, pre- and posttransplan-
tation circumstances that contribute to further enhance immu-
nosuppression and/or the reactivation of latent CMV infection
in the transplant recipient have been identified. A number of
variables are associated with the development of CMV disease
in liver transplant recipients. These are retransplantation for
acute rejection (344, 451); fulminant hepatitis and preopera-
tive liver dysfunction (17, 317); and infections with bacteria,
hepatitis C virus (recurrence), and HHV-6 and HHV-7 (327,
421, 424). Other parameters that represent markers for CMV
disease in liver transplant recipients include a prolonged pro-
thrombin time and the occurrence of hepatic artery thrombosis
(344).

Factors known to predispose kidney transplant patients to
CMV infection include receipt of CMV-contaminated blood
products, cadaveric allograft transplantation, and donor-recip-
ient HLA mismatch (39, 162, 351, 402).

The amount of virus present in the transplanted graft may
influence the frequency and severity of CMV disease post-
transplantation. While this theory remains to be proven, it
could explain the high rate of symptomatic CMV infection
observed in lung and intestinal transplant recipients, reflecting
the transmission of a higher latent CMV burden contained in
larger amounts of tissue with more endothelial and lymphoid
compartments. The clinical severity of CMV infection would
then be commensurate with the presence or absence of specific
immunity to CMV in the recipient. Consequently, prophylactic
measures found to be effective for renal transplant recipients
may not apply to lung or intestinal allograft recipients.

The way in which CMV induces organ dysfunction remains
a matter of debate. Direct viral cytopathogenicity may be a
factor, as in cases of CMV retinitis and gastrointestinal ulcer-
ation (462). The number of CMV-infected cells is however, not
always a reflection of clinical disease severity: large numbers of
CMV-infected cells may be present in tissues of asymptomatic
patients, whereas small numbers of CMV-infected cells may be
present in those with severe or fatal disease (462). CMV-
triggered immune reactivity has been proposed, but sound
evidence to support this is lacking (184, 427). Once CMV is
activated and even before clinical manifestations occur, infec-
tion of circulating leukocytes, particularly granulocytes, can be
demonstrated (398, 408, 479). Infected leukocytes presumably
serve as means of transporting this highly cell-associated virus
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to other body sites. A phenomenon of particular interest is the
interaction of CMV with the host response. One aspect of this
interplay is the immunomodulating effect of the virus. CMV
causes a metabolic abnormality in lymphocytes and monocytes
that impairs their ability to produce and respond to cytokines
(219). The virus itself appears to suppress the function of
antigen-specific cytotoxic T lymphocytes and causes a change
in the proportions of T-cell subsets, with an inversion of the
CD41 to CD81 cell ratio (58, 103, 411, 413). CMV infection
increases susceptibility to infection with other opportunistic
agents, including Pneumocystis carinii, Aspergillus fumigatus,
and Candida albicans (389). Furthermore, a higher rate of
severe bacterial infections occurs in association with CMV
infection in liver transplant recipients (316, 344, 477).

Regardless of the pattern and type of CMV transmission,
the majority of patients who develop symptomatic disease do
so 1 to 4 months after transplantation. CMV disease occurring
later in the posttransplantation period may be noted in asso-
ciation with community-acquired primary infection, relapsing
disease, the use of antilymphocyte antibody therapy to reverse
rejection or, in liver transplant recipients, recurrent hepatitis C
virus infection (196, 424).

CLINICAL MANIFESTATIONS

The consequences of CMV infection in solid-organ trans-
plant recipients can be grouped into four categories. First,
CMV causes a variety of infectious diseases syndromes pro-
duced by the virus itself. Second, CMV is associated with an
augmented immunosuppressed state beyond that caused by
administering immunosuppressive drugs, which may explain
the frequent association of CMV with other infectious disease
processes. Third, infection with CMV has been associated with
allograft dysfunction. Fourth, CMV infection has been associ-
ated with decreased survival among transplant recipients.

Infectious Disease Syndromes

Depending on pretransplantation immunity and the degree
of immunosuppression posttransplantation, CMV infection in
solid-organ transplant recipients causes a wide range of clinical
manifestations, from asymptomatic infection to severe, poten-
tially lethal CMV disease. The term “symptomatic CMV in-
fection” is used interchangeably with “CMV disease” herein.
Most cases of symptomatic CMV infection are of mild to
moderate severity and are rarely fatal in the current era of
organ transplantation.

Mildly symptomatic CMV infection, or the so-called “CMV
syndrome,” usually presents insidiously with fever, anorexia,
and malaise without additional signs or symptoms. Prolonged
fever lasting as long as 3 to 4 weeks may be the only manifes-
tation of symptomatic CMV infection. Myalgias, arthralgias,
and arthritis may occur, but the mononucleosis syndrome ac-
companied by lymphadenopathy or splenomegaly typically
seen in immunocompetent hosts is rarely seen in transplant
recipients. Hematologic abnormalities such as leukopenia, typ-
ically without the presence of atypical lymphocytes, and throm-
bocytopenia, are common. This viral syndrome may be self-
limited or may progress to clinically evident organ involvement.

The clinical manifestations of CMV disease may be rela-
tively nonspecific and can be difficult to differentiate from
illnesses caused by a variety of other opportunistic microbes,
acute graft rejection, and drug toxicity—all of which can cause
fever and even organ dysfunction in transplant patients. Fur-
thermore, several of these conditions may be present simulta-
neously. The clinical diagnosis of CMV is therefore unreliable;

rapid and sensitive laboratory tests are essential diagnostic
tools. Although viremic episodes usually accompany clinical
symptoms, viremia as documented by surveillance cultures can
be the sole indication of CMV infection in the absence of
symptoms. Such asymptomatic viremia may herald CMV dis-
ease (231, 351, 352). Furthermore, asymptomatic infection may
alter the posttransplantation course indirectly by its association
with other infectious complications, such as bacterial and fun-
gal infections (342, 344).

The consequences of CMV disease are similar in all trans-
plant patients, although specific organ involvement by CMV
frequently corresponds to the organ transplanted. CMV hep-
atitis occurs most frequently in liver transplant recipients;
CMV pancreatitis occurs most often in pancreas transplant
recipients; and CMV pneumonitis afflicts lung and heart-lung
transplant recipients most regularly, especially among CMV-
seronegative recipients of corresponding organs from CMV-
seropositive donors (Table 1). A form of necrotizing and
crescentic glomerulonephritis with intraglomerular CMV in-
clusions has been reported in a renal transplant patient (94). In
addition, CMV myocarditis, although rare, typically presents in
heart transplant recipients (180) and can cause cardiac dys-
function. Several possible explanations for the aforementioned
phenomenon exist: an interaction between the effects of the
virus itself and the effects of rejection on the allograft, a
greater initial viral burden in the allograft (where reactivation
first occurs), and/or the representation of a sequestered site for
viral replication by the allograft. In addition, increased surveil-
lance of the transplanted organ by tissue biopsy and culture
may result in the more frequent recognition of its involvement
with CMV.

Seronegative transplant recipients who acquire primary in-
fection via transfusion of blood products generally have less
severe CMV disease than do those who acquire the infection
from transplanted organs (350). Patients with symptomatic
CMV infection may develop pneumonitis, which characteristi-
cally presents as a dry, nonproductive cough within the first
week of onset of constitutional symptoms (132, 389). A subset
of these patients will have progressive dyspnea resulting in
respiratory distress. Although physical examination may be
unrevealing, arterial blood gas analysis may show hypoxemia.
Chest X-ray appearances of CMV pneumonia include bilateral
interstitial, unilateral lobar and nodular infiltrates (215). While
a handful of transplant recipients with CMV pneumonia de-
velop total opacification of the lung, this finding is distinctly
unusual and should suggest the presence of other possible
pathologies. The differential diagnoses would include allograft
rejection and pneumonia caused by bacterial and fungal mi-
croorganisms, including P. carinii. In lung and heart-lung trans-
plant recipients, however, CMV pneumonitis may present
acutely, progressing over a short period to respiratory failure.

An important presentation of CMV infection is gastrointes-
tinal disease. CMV can affect any segment of the gastrointes-
tinal tract from the esophagus and stomach to the small and
large intestines. Symptoms include dysphagia, odynophagia,
nausea, vomiting, delayed gastric emptying, abdominal pain,
gastrointestinal hemorrhage, and diarrhea (159, 441, 484). In-
testinal perforation may ensue. A high index of suspicion for
CMV colitis should be maintained in any organ recipient who
presents with lower gastrointestinal tract bleeding in the first 4
months following transplantation. CMV enteritis may be le-
thal, and so early detection and intervention is required (329).
Findings on endoscopy include erythema, diffuse shallow ero-
sions, and localized ulcerations. These changes are not, how-
ever, specific for CMV disease, and tissue biopsy is essential
for diagnostic confirmation (159, 456). CMV inclusion bodies
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or positive CMV cultures may be found from tissue(s) ob-
tained at endoscopy even in the absence of gross intestinal
mucosal abnormality; the significance and relevance of this
finding is nonetheless unclear (425, 441). CMV has also been
associated with biliary disease (241) and mesenteric/intestinal
vasculitis, resulting in ischemic colitis (309).

Abnormal liver function tests occur in 30 to 55% of all
solid-organ transplant recipients with systemic CMV infection
(338). Among liver transplant recipients who develop symp-
tomatic CMV disease, infection of the liver allograft is the
most common manifestation. CMV hepatitis typically mani-
fests as a elevation in the concentrations of gamma-glutamyl-
transferase and alkaline phosphatase, which peak 2 to 4 days
following the rise in aminotransferase levels, with only minimal
increases in bilirubin values (340). Differentiation of viral in-
fection from rejection as a cause of hepatocellular dysfunction
in liver transplant recipients can be a major problem; the only
way this distinction can be made is by liver biopsy.

Chorioretinitis is generally considered to be an uncommon
manifestation of CMV disease in transplant recipients, in con-
trast to patients with AIDS. Recently, however, evidence of
healed scars consistent with CMV retinitis or active CMV
retinitis has been found in a surprisingly high percentage
(7.3%) of heart transplant recipients (134); this finding awaits
more confirmation. CMV retinitis in solid-organ transplant
recipients is distinctive in that it usually presents late (typically
after more than 6 months) in the posttransplantation period.
Patients may be asymptomatic at the time of diagnosis or may
experience scotomata and/or decreased visual acuity. Although
symptoms may be restricted to one eye initially, progression to
bilateral involvement may occur (389). The diagnosis is made
funduscopically; retinal lesions consist of fluffy white perivas-
cular infiltrates, hemorrhage, and irregular sheathing of retinal
vessels.

Less common presentations of CMV disease in organ trans-
plant recipients include CMV involvement of the ureter, epi-
didymis, skin, endometrium, and central nervous system (en-
cephalitis, transverse myelitis) (233, 258, 291, 307, 330, 337,
346, 362, 403, 444, 452). There are anecdotal reports of CMV
causing laryngitis (269), glomerulonephritis (167), and cutane-
ous infection (337) in solid-organ transplant recipients. Dis-
seminated CMV disease is an ominous finding and may be
fatal. Congenital CMV infection has been found in the off-
spring of female liver transplant recipients (247).

Opportunistic Superinfections

An important effect of CMV infection on the transplant
patient is its potentiation of the individual’s net state of im-
munosuppression, resulting in an increased susceptibility to
opportunistic superinfection with a variety of pathogens. The
clinical markers that delineate the patient with the most risk
are viremia and CMV-induced leukopenia (394). Pulmonary
superinfection may occur with P. carinii, A. fumigatus, and
bacteria (389). CMV infection is a risk factor for the develop-
ment of bacterial infection in liver transplant recipients (127,
316, 344, 475). There are also data to support the notion that
bacterial sepsis in this group of patients predisposes to CMV
infection (316). In the same fashion, having CMV disease or
being a CMV-seronegative recipient of a CMV-seropositive
donor liver appears to be associated with invasive fungal dis-
ease (146, 487). CMV pneumonia or viremia is highly predic-
tive of the development of invasive aspergillosis following lung
transplantation (209). These findings raise the question of the
need for antiviral prophylaxis not only for the prevention of
CMV infection itself but also for the prevention of its sequelae.

Allograft Dysfunction and Rejection

The association of CMV with allograft dysfunction is con-
troversial. Infection with CMV has been associated with early-
onset allograft rejection in renal transplant recipients (139).
CMV-induced tubulointerstitial disease has been described
following kidney transplantation (286). This is associated with
a glomerulopathy characterized by hypertrophy and necrosis of
endothelial cells, narrowing or obliteration of capillary lumens,
and accumulation of mononuclear cells and fibrillary material
in glomerular capillaries (375). Likewise, the incidence of
chronic allograft nephropathy 2 years after transplantation is
higher in patients who developed CMV infection (438). The
role of CMV infection in renal allograft rejection has been
investigated in a cohort of 242 renal transplant patients, 65%
of who developed CMV infection (361). The incidence of re-
jection was significantly higher in those with antecedent CMV
infection: 45% among infected patients versus 11% among
noninfected patients. In another study, CMV-seropositive do-
nor status was associated with lower graft survival rates than
CMV-seronegative donor status (199). A recent report alluded
to an association of CMV with renal artery stenosis in the
transplanted kidney (360). This would imply that prevention of
CMV infection might diminish the incidence of acute rejection
episodes and possibly even chronic rejection and might im-
prove the function and long-term survival of the renal graft. In
one study, 80% of renal allograft recipients with biopsy-proven
rejection responded to antiviral therapy with ganciclovir with-
out modification of the immunosuppression regimen (373).
CMV has an adverse effect on allograft survival. Graft survival
is significantly reduced in CMV-seronegative recipients of
CMV-seropositive living-related donor kidneys compared to
CMV-seropositive recipients of the same allografts (410). In a
separate cohort involving kidney and kidney-pancreas trans-
plant recipients, the 3-year graft survival was 49 to 63% in
those with one or more episodes of CMV disease and 78 to
81% in those without CMV infection or with asymptomatic
CMV infection (402). Finally, in a retrospective analysis, the
preemptive treatment of CMV viremia with ganciclovir in re-
nal transplant recipients prevented CMV-induced renal injury
and graft loss; patient survival was not different between pa-
tients with and without CMV infection (9).

Further evidence supporting the association of CMV infec-
tion with allograft injury comes from the experience with car-
diac transplant recipients. CMV has been linked to the devel-
opment of left ventricular dysfunction (293) and an increased
incidence of graft atherosclerosis that is believed to be a man-
ifestation of chronic rejection (144, 171, 229, 292, 415). How-
ever, a study of serial blood and endomyocardial tissue speci-
mens from heart transplant recipients showed no association
between acute rejection and the detection of CMV by using
culture and a semi-quantitative PCR assay (46). While differ-
ent patterns in the peak levels of CMV DNA in the blood and
the heart were seen between those who experienced rejection
and those who did not, none of the findings was associated with
the development of rejection itself, supporting the view that
CMV infection and rejection are independent events. By using
angiographic criteria and autopsy findings for coronary artery
evaluation, it was found that the risk of acquiring allograft
coronary artery disease was not increased in association with
active CMV infection (99). Further studies in which in situ
DNA hybridization was used to detect the presence of CMV
DNA in coronary arteries of cardiac allografts do not support
a direct role for CMV in the development of accelerated cor-
onary artery disease (187). While there may be no difference in
the incidence of rejection, an increase in the repeated rejection
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rate in transplant recipients with heart allografts from CMV-
seropositive donors suggests the possible impact of CMV in
the enhancement but not in the induction of rejection (87). An
interesting association has been made between CMV and hep-
atitis C virus coinfection and an increased risk for allograft
vascular disease in a heart transplant population (82). It is also
suggested that CMV plays a role in the development of bron-
chiolitis obliterans in lung transplant patients (27, 28, 227, 243,
414); CMV seropositivity and infection were both identified as
risk factors (193).

As suggested above, the direct effects of CMV infection on
the liver can mimic hepatic allograft rejection. In addition, the
contributing effects of recurrent viral hepatitides on the graft
are difficult to ascertain. In the setting of CMV viremia, his-
topathologic findings of focal necrosis and clustering of neu-
trophils within the liver lobules distinct from that of typical
allograft rejection have been described (340). After liver trans-
plantation for chronic hepatitis C, patients who develop CMV
viremia incur a significantly greater risk of allograft cirrhosis
and graft failure from recurrence of hepatitis C infection (384).
Contrary to previous studies describing CMV infection as a
risk factor for the development of the vanishing bile duct
syndrome (a form of ductopenic rejection frequently leading to
graft loss and the need for retransplantation) (326), no asso-
ciation was found between these two events when patients
were monitored with the antigenemia assay (476). Neverthe-
less, the persistence of CMV DNA within hepatocytes of pa-
tients with the vanishing bile duct syndrome, determined by in
situ hybridization, lends credence to this association (13). In
patients monitored for up to 3 years, CMV disease was strongly
associated with chronic rejection: 29% among the infected
versus 8% among the noninfected subjects (89). Additionally,
the receipt of CMV-seropositive allografts by CMV-seronega-
tive liver transplant candidates may predispose these individ-
uals to the development of hepatic artery thrombosis (274).

In patients undergoing intestinal transplantation, a positive
donor CMV serology is associated with increased graft loss
(467).

The causative link between CMV and allograft injury re-
mains speculative, and more studies are needed to corroborate
this association.

Patient Outcome

The indirect effects of CMV infection on graft and patient
survival have been increasingly recognized in recent years.
CMV disease resulted in decreased patient survival in a group
of kidney transplant patients with 4 years of follow-up (117).

The long-term outcome of individuals with CMV infection
following liver transplantation has generated intense interest
among transplant physicians. Among those monitored for a
long period, CMV disease has proved to be an independent
risk factor for reduced rates of patient (and graft) survival after
liver transplantation. CMV disease in individuals who have
received liver transplants has been independently associated
with higher mortality rates at 1 year (123, 124) and with in-
creased costs and longer hospital lengths of stay in the first
posttransplant year (123). In other studies, previous CMV in-
fection and/or disease led to poorer patient outcomes at 1 year
and up to a twofold-increased risk of death or graft loss during
3 (92) and 5 (385) years of follow-up. Untreated symptomatic
CMV viremia is an identified risk factor for death or retrans-
plantation in liver transplant recipients (17). The mechanism
underlying such poor outcome for CMV-infected graft recipi-
ents is postulated to be a consequence of the indirect effects of

CMV infection, although the specifics of this interaction re-
main to be determined.

The impact of CMV disease on patient survival has also
been studied among heart transplant recipients. In one study,
the 5-year survival was 32% in the group that developed CMV
compared to 68% in the no-CMV group (171). The predomi-
nant causes of death were infection and graft atherosclerosis,
both of which were more prevalent in the group with CMV
disease (171). A CMV-seropositive donor has been identified
as a risk factor for mortality following heart transplantation
(290). CMV-seronegative lung transplant patients who re-
ceived allografts from seropositive donors developed early
bronchiolitis obliterans syndrome at a greater frequency and
tended to have worse survivals compared to those who were
not CMV mismatched (427).

Although controversial, results of epidemiologic studies sug-
gested an enhanced risk of EBV-related posttransplantation
lymphoproliferative disease (PTLD) in CMV-infected trans-
plant patients (17). A history of preceding symptomatic CMV
disease is a risk factor for the development of PTLD after
organ transplantation (31, 276). A CMV seromismatch ampli-
fies the risk of PTLD four- to sixfold in EBV-seronegative
recipients of EBV-seropositive organs (488).

An implication of the above findings is that CMV prophy-
laxis may affect graft and/or patient survival. In this regard, a
recent study has shown an improved 3-year kidney allograft
survival in patients receiving CMV prophylaxis (39).

Recurrent Infection

Like other members of the herpesvirus group, CMV is as-
sociated with persistent latent infection. While treatment of
CMV disease with currently available antiviral agents fre-
quently controls the acute manifestations of the illness, it does
not eradicate CMV infection. In solid-organ transplant recip-
ients, CMV disease may recur after successful treatment of the
initial episode. Recurrent disease is a substantial cause of post-
transplantation morbidity; the reported rates of reoccurrence
vary with the organ transplanted. Studies of kidney and kidney-
pancreas transplant recipients indicate that disease relapses
occur in 6 to 31% of patients (208, 217, 402). Recurrent CMV
disease occurs at an incidence of 26 to 31% after liver trans-
plantation (125, 126, 478). Although intestinal transplantation
is done much less frequently than transplantation of other solid
organs, recurrent CMV disease may occur in over half of those
who have received prior treatment for CMV (277). The bowel
allograft is the most common site of involvement for recurrent
CMV episodes in intestinal transplantation recipients. CMV
disease recurred in up to 12% of cardiac transplant patients
monitored for up to 1 year after the initial episode (234). The
broad range of relapse rates may be reflective of differences in
the definitions of CMV infection and disease, variations in
treatment regimens, dissimilarity in immunosuppressive regi-
mens, and/or variability in the number of patients at risk
amongst different studies, or true differences in disease recur-
rence among the diverse types of solid organ transplant recip-
ients. For study purposes, the adoption of the criteria for the
definition of CMV infection and disease established during two
International CMV Workshops is encouraged (264, 265).

Most cases of recurrent CMV disease occur within 3 months
after treatment for the first episode and tend to involve mul-
tiple organs. Recurrent disease has been associated with in-
creased death rates (126). Despite the relatively high rates of
CMV recurrence, epidemiologic data on the factors that pre-
dict relapse are scant. A cadaver organ source for renal trans-
plantation is a significant risk factor for recurrent disease

88 SIA AND PATEL CLIN. MICROBIOL. REV.



(208). Among recipients of liver allografts, primary infection is
associated with a higher incidence of disease relapse (125,
126), suggesting that a deficient immunologic response in the
host incites viral reactivation. These observations carry the
implication that CMV viral burden may be partly responsible
for relapsing infection. A large number of activated CD81

cytotoxic T lymphocytes and a low quantitative level of CMV
antigenemia at the end of antiviral therapy were both associ-
ated with a low risk of relapse (478). Conversely, the loss or
persistent lack of CMV-specific T-helper response following
infection has been associated with chronic and recurrent CMV
disease (506). Antirejection therapy is postulated to be a pre-
dictor of disease recurrence (208, 277, 402). Investigations are
in progress to determine the role of the CMV burden in mod-
ifying the course of CMV disease and the frequency of disease
relapse. Clearly, there is a need for more specific markers that
can identify patients at risk. This will enable the identification
of the subgroup of solid-organ transplant recipients at a higher
risk for recurrent illness, in whom more intensive therapeutic,
prophylactic, or surveillance approaches may be warranted to
curtail the adverse patient and/or graft outcomes that result
from recurrent CMV infection.

DIAGNOSIS

Because of the considerable impact of CMV infection in
transplantation, rapid and accurate methods of diagnosis are of
utmost importance. The array of diagnostic tools now available
allows not only precise serologic determination of past expo-
sure to CMV infection but also the identification of CMV
components (e.g., viral DNA and infected leukocytes) in blood
during viremia and in infected organs. Broadly categorized,
diagnostic studies for CMV include serologic and virologic
tests (Tables 2 and 3). The methodological aspects of a number
of molecular procedures applicable to the investigation of
CMV have been recently reviewed (40, 205).

Serology

The main utility of serologic studies in organ transplantation
is as an accurate and sensitive means of determining a past
history of CMV infection in potential organ donors and allo-
graft recipients. CMV serology is also useful for screening
potential blood donors. Serology is an insensitive marker of
active CMV infection in the organ transplant population and is
therefore of limited diagnostic usefulness (282, 409, 482).
Many patients with positive CMV cultures do not show con-
comitant evidence of seroconversion (343).

Serology requires a short execution time, is safe, and can be
completely automated. Numerous test methods are available
for the determination of the anti-CMV antibody titer in serum
with different degrees of sensitivity; these include complement

TABLE 2. Diagnostic testing for CMV

Method Specimen(s)a Comments

Serology Blood Not helpful in diagnosing CMV infection or disease in transplant
recipients because of delayed seroconversion; good for
pretransplantation evaluation to assess the likelihood of
reactivation infection (if positive) or susceptibility to primary
infection (if negative)

Conventional tube cell culture Blood, tissue, urine, BAL, CSFb Long (1–3 wk) turnaround time; cytotoxicity occasionally
precludes viral isolation; used for viral isolation for antiviral
susceptibility testing

Shell vial assay Blood, tissue, urine, BAL, CSFb Rapid (1–2 days); positive result from blood implies active CMV
infection

Antigenemia assay Blood Rapid (same day); requires little laboratory support; more
sensitive than shell vial assay, less sensitive than PCR;
quantitative results

Histopathology Tissue Detects viral inclusion bodies; insensitive marker of CMV
disease; sensitivity enhanced with immunostaining; requires
use of invasive procedures to obtain sample

In situ DNA hybridization Tissueb Confirmation of tissue involvement with CMV
PCR amplification Blood, tissue, urine, BAL, CSFb Detects viral DNA and/or RNA; extremely sensitive, but not

specific for symptomatic infection; allows quantitation of viral
load; not standardized

Hybrid capture assay Blood, tissueb Rapid; detects viral DNA; less sensitive than PCR
bDNA assay Blood, CSFb Less sensitive than PCR; highly reproducible
NASBA Blood, tissueb Detects viral RNA; highly sensitive; investigational

a Abbreviations: BAL, bronchoalveolar lavage fluid; CSF, cerebrospinal fluid.
b Other bodily fluids and clinical specimens may also be amenable for testing.

TABLE 3. Prognostic values of methods for CMV
detection in blood

Method and sample
(reference)

Sensitivity
(%)a

Specificity
(%)a

Lead time
(days)b

Shell vial assay
Blood (163, 351) 8–63 86–88 2–16

PCR amplification
Serum/plasma (297, 336) 50–100 45–63 12–16
Peripheral blood mono-

nuclear cells (92, 297)
20–100 35–91 14–21

Reverse transcriptase PCR
(335)

17 97 0

Antigenemia assay (107,
117, 239, 458, 464,
469, 474)

50–83 71–80 4–14

a Sensitivity and specificity as a marker of future CMV disease.
b Number of days preceding clinical symptoms that assay is positive.
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fixation, enzyme-linked immunosorbent assay (ELISA) and
latex agglutination (111, 250). The most widely used procedure
is the ELISA, for which there are various commercial products.
Compared to complement fixation, ELISA gives higher anti-
body titers, is easier to perform, and eliminates the problem of
anticomplementary sera (65).

Histopathology

The diagnosis of CMV infection has traditionally been based
on the histologic recognition of cytomegalic inclusion bodies
that have the characteristic intranuclear owl-eye appearance in
haematoxylin and eosin-stained tissue specimens. Tissue bi-
opsy is an important tool for diagnosing the causes of allograft
dysfunction and can often differentiate inflammatory response
provoked by CMV from cellular rejection (29, 73, 472). The
presence of viral inclusion bodies in liver tissue, for instance,
correlates with active disease in most cases (73). Conversely,
CMV may be detected in cultures of biopsy specimens that are
negative on histopathology (340).

Immunostaining

The use of immunohistochemistry has increased the sensi-
tivity for the histologic diagnosis of CMV disease compared to
standard hematoxylin and eosin staining (29, 73, 119, 341).
Immunostaining techniques use either a monoclonal or a poly-
clonal antibody against an early CMV antigen. When this pro-
cedure was used on liver allograft biopsy specimens, its sensi-
tivity and specificity approached 84 and 97% in one study
(341). False-negative results may occur, however, because of
the focal distribution of CMV-positive cells (73). Moreover,
while the histologic criteria for acute liver graft rejection are

well accepted, the criteria for the histomorphologic changes
associated with CMV hepatitis vary considerably (29). While
important for the identification of localized CMV disease, tis-
sue diagnosis is limited in many instances by the need to use
invasive procedures to obtain samples.

In Situ Hybridization

In situ hybridization (ISH) with CMV-specific complemen-
tary DNA probes applied to cellular material has facilitated
the histopathological identification of infected cells in tissue
(288, 341). Hybridization has conventionally been performed
with probes labeled with radioactive isotopes, which then al-
lows the detection of sequence specific nucleic acid following
autoradiographic analysis (140). The routine use of radioactive
isotopes has largely been replaced by biotinylated DNA and
electrochemiluminescent labels (113, 312). Biotinylated probes
may be used for the direct detection of CMV inclusions in
formaldehyde-fixed, paraffin-embedded tissue sections in cases
where active infection is present (Fig. 1). Estimation and quan-
tification of nucleic acid present in tissue samples or cellular
smears may also be possible with ISH. The comparative sen-
sitivity of ISH for diagnosing CMV disease varies in different
studies. Most reports do not favor the use of ISH over con-
ventional histopathologic examination for the diagnosis of
CMV organ disease (29, 73, 119, 341, 364). Nonetheless, this
method allows the rapid detection of CMV in tissues (286,
472).

ISH studies may be of greatest use when the results of
conventional histopathology are equivocal (492, 503). Further-
more, the test specificity for allograft biopsy specimens is as
high as 100% (286, 341, 492). Applications for this test include
the diagnosis of CMV pneumonitis (113, 160, 436, 493), hep-

FIG. 1. CMV is visualized by the in situ hybridization technique on a sample of lung tissue.
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atitis (286, 341) and gastroenteritis (65, 308, 503). However,
the techniques involved are cumbersome. Specimen prepara-
tion consists of securing the sample to a glass slide and dena-
turing the DNA without detaching or destroying the morpho-
logic identity of the cells.

Cytomegalic Endothelial Cells

Within the last decade, circulating cytomegalic endothelial
cells (CEC) have been found in the blood of immunocompro-
mised patients with disseminated CMV (173, 348). The pres-
ence of these cells is considered to indicate extensive endothe-
lial damage. They are derived from infected endothelial cells of
small blood vessels; these cells progressively enlarge, become
detached, and enter the bloodstream. These cells can be iden-
tified by cytocentrifugation of the mononuclear fraction of
leukocytes onto glass slides followed by endothelial cell-spe-
cific staining. A method for quantification of CEC in periph-
eral blood has also been described (220). In patients with
AIDS, the detection of CEC is associated with lack of anti-
CMV treatment, emergence of drug-resistant CMV, insuffi-
cient treatment, or transient response to antiviral therapy
(152). In the transplant recipient population, CEC are not
observed in patients taking prophylactic or preemptive ther-
apy. More data pertaining to the applicability of this test in
organ transplantation should be forthcoming.

Viral Isolation

Conventional detection of CMV in clinical specimens is
achieved by direct viral culture. The detection of CMV in
tissue cultures from peripheral sites such as urine or saliva is
often uninformative because the virus may be present in these
sites for prolonged periods after the acute phase of infection
and during viral reactivation. Nevertheless, viral isolation from
these sites indicates a relative risk of about twofold for future
CMV disease (231, 351, 352). Furthermore, viral isolation from
any site in a CMV-seronegative transplant recipient is indica-
tive of primary CMV infection.

For conventional cell culture, clinical specimens are inocu-
lated onto human fibroblast cells, e.g., cells obtained from the
foreskin or embryonic lung, and incubated at 37°C. In the

standard tube cell culture technique, CMV exhibits a typical
cytopathic effect (CPE) characterized by foci of flat, swollen
cells (Fig. 2). The time required for the development of CPE is
directly related to the titer of the virus in the sample. Typically,
the mean time for CPE to be visible is 8 days, but it can range
from 2 to 21 days. The long time required for diagnostic con-
firmation by this method limits its clinical usefulness. Cytotoxic
effects of leukocytes on the fibroblasts and overgrowth of more
rapidly growing microorganisms (such as herpes simplex virus
or bacteria) may preclude viral isolation. Many modern clinical
microbiology laboratories no longer routinely offer tube cell
culture for CMV. Viral isolation may, however, be useful for
some antiviral susceptibility testing methods (see below).

Several rapid tests for the identification of CMV have been
developed. Modifications of the traditional method for viral
culture have allowed the early detection of CMV in cell cul-
ture. Detection of CMV-specific early-antigen fluorescent foci
by using the shell vial assay permits the detection of CMV prior
to the development of CPE in conventional tube cell culture
(Fig. 3). Shell vial assays are performed in vials containing
12-mm round coverslips containing a fibroblast monolayer
(161). Centrifugation of specimen onto the cell monolayers
greatly assists absorption of virus, increasing apparent infec-
tivity of the viral inoculum (65, 68). The shell vial assay utilizes
a monoclonal antibody directed at the immediate-early (IE)
viral antigen to detect CMV by indirect immunofluorescence
after 16 h of incubation (345, 371). Due to a high rate of
false-negative results, viremia is useful only in the setting of a
positive result and should be considered a parameter of risk for
the development of CMV disease (305). Akin to bacterial
blood cultures, multiple viral blood cultures may be necessary
to detect CMV by the shell vial assay (333). Nevertheless, the
number of positives identified by the shell vial assay is greater
than that detected by conventional culture (318). Development
of viremia detected by shell vial culture more than 2 months
after liver transplantation is a strong predictor of CMV disease
(278).

A delay in specimen processing of longer than 24 h severely
compromises the sensitivity of the shell vial assay, limiting its
usefulness for testing samples that are mailed in from patients
in the outpatient setting. As the interval to sample processing

FIG. 2. On a standard cell culture inoculated onto a human fibroblast monolayer at 37°C, CMV characteristically exhibits cytopathic effects, appearing as foci of flat,
swollen cells.
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increases, the sensitivity of the shell vial culture progressively
declines, with only 44 to 55% positivity at 24 h and 10%
positivity at 48 h (50, 252, 380). Storage at either room tem-
perature or 4°C has no significant effect on shell vial culture
results (380). Additionally, the test sensitivity increases with
increasing quantities of polymorphonuclear leukocytes inocu-
lated in shell vials (372). Quantitative culture methods involv-
ing the shell vial assay has been described (20, 68, 154, 449,
460), but the practical value of this approach is not apparent.

Overall, the culture-based assays do not require highly spe-
cialized equipment. Problems often encountered include poor
plaque formation by some CMV strains, rapid loss of viability,
and nonspecific monolayer toxicity.

Antigenemia Assay

The antigenemia assay has been a major advance in the
diagnosis of CMV infection in organ transplantation. The pres-
ence of CMV antigenemia in blood leukocytes provides an
early marker of active CMV infection and is a rapid test for the
detection of CMV viremia (474). This assay depends on the
use of monoclonal antibodies that detect the viral pp65 anti-
gen, a structural late protein expressed in blood leukocytes
during the early phase of the CMV replication cycle (Fig. 4).
This test is limited to detection of the virus in leukocytes; the
demonstration of positive-staining signals in the nuclei of leu-
kocytes indicates a positive result. The test not only gives a
qualitative result but is also quantitative, correlating closely
with viremia and clinical disease severity (266, 323, 466).

CMV antigenemia testing consists of a number of steps,
including isolation of blood leukocytes by dextran sedimenta-

tion or direct leukocyte lysis, preparation of microscopic slides,
immunostaining with the use of monoclonal antibody to CMV,
microscopic evaluation, and quantitative scoring (115, 203,
463, 465). Cytospin slides containing a given cell number are
prepared by centrifugation of leukocyte-rich supernatant. Slide
fixation is performed with either formaldehyde or acetone;
superior results are obtained with formalin fixation (41, 158,
466). Slides are stained with monoclonal antibody directed
against the CMV lower matrix phosphoprotein pp65 antigen.
Immunodetection of CMV antigen is possible with either in-
direct immunoperoxidase or indirect immunofluorescence
methods (463). Immunoperoxidase staining enables the enu-
meration of negative cells in conjunction with positive cells,
resulting in a more accurate assessment of positivity; in con-
trast, immunofluorescence gives clearer signals from positive
cells (463). Another technique involves the use of alkaline
phosphatase/anti-alkaline phosphatase (APAAP) staining in
an effort to improve test sensitivity and specificity (158). The
results may be reported as the number of positively stained
cells relative to the number of cells used to prepare the slide.
Another method is to quantify the result per 50,000 cells,
estimated by the number of cells on each slide (227, 479).
Interlaboratory variability is nonetheless substantial (36).

The presence of a small number of antigen-positive cells
following solid-organ transplantation generally indicates
asymptomatic infection, whereas a large number implies an
increased likelihood of CMV disease; the exact cutoffs for this
assay, however, remain to be defined and may vary among
different types of transplant recipients and among individual
assays (142, 266, 311, 323, 466, 505). While antigenemia is
highly sensitive and specific for the diagnosis of CMV infec-

FIG. 3. Detection of CMV-specific early-antigen fluorescent foci in the shell vial assay indicates the presence of the virus.
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tion, both the specificity and positive predictive value of the
test for the diagnosis of CMV disease are less impressive; that
is, patients with asymptomatic infection are frequently antigen-
emia positive (313, 505). Within a group of kidney transplant
patients, an inverse correlation between the host humoral and
cellular immunocompetence and antigenemia test positivity
has been demonstrated (465). Larger numbers of positive cells
may be seen in association with primary CMV infection than in
association with either reactivation infection or reinfection
(211). Overall, the sensitivity of antigenemia testing is close to
100% for CMV disease and 60 to 70% for asymptomatic in-
fection (36, 169). Antigen detection may also be used for the
direct identification of CMV-infected cells in bronchoalveolar
lavage fluid (436, 437).

Antigenemia has several inherent advantages. It is a normal-
ized assay, giving a measurement of the number of CMV-
positive cells relative to a fixed number of leukocytes. It is fast,
with a typical hands-on time of 4 to 5 h. Additionally, certain
modifications to the test can allow a shorter processing time
(203). The assay is easy to perform, does not depend on cell
culture technology, does not require the use of sophisticated
laboratory equipment, and has a greater sensitivity than viral
isolation (151, 253, 479). Its ability to quantify the viral burden
is its best feature. The major drawback of this test is the need
for immediate (within 6 h) processing of blood samples to
achieve optimal sensitivity (406). Delays in sample processing
for longer than 24 h result in significant decreases in the num-
ber of detectable pp65-positive cells in blood specimens (41,
406); with some modifications and the use of stabilization re-
agents, this obstacle may be overcome (55). False-negative
results may occur in neutropenic patients, since the antigen-

emia test depends on the presence of a sufficient number of
polymorphonuclear leukocytes (261). It also has the disadvan-
tage of being labor intensive; it demands the skill of an expe-
rienced technician for accurate test interpretation. Moreover,
variations exist with regard to the exact method, and therefore
results from different laboratories may be difficult to compare.
In sum, a qualitative antigenemia test result is a sensitive
marker for the presence of CMV in the blood but does not
necessarily mean CMV disease. On the other hand, its quan-
titative version is a useful tool for predicting CMV disease and
for monitoring antiviral therapy.

PCR Amplification

Nucleic acid amplification by PCR has become a widely
available diagnostic tool for CMV; it is increasingly being used
in solid-organ transplantation. PCR techniques can detect
CMV DNA in peripheral blood leukocytes (91, 278) and whole
blood (231), as well as CMV RNA in leukocytes (169, 170, 335,
368). Although CMV is a cell-associated virus, CMV DNA can
also be detected in cell-free body fluids such as serum (81, 107,
122, 315, 336) and plasma (117, 151, 440).

PCR is a target amplification method that uses DNA poly-
merase to produce elaboration of target DNA. The assay in-
volves several basic steps, namely, specimen preparation, DNA
extraction, amplification by thermal cycling, and amplicon de-
tection. Depending on the clinical specimen being used, ex-
traction of nucleic acid is done by one of a number of ways.
Alkali lysis with proteinase K digestion followed by heat inac-
tivation of the enzyme is in common use. An additive extrac-
tion step involving phenol-chloroform has also been described.

FIG. 4. Expression of CMV pp65 antigen in polymorphonuclear leukocytes on a cytospin slide detected by immunoperoxidase staining. Courtesy of K. St. George
and C. Rinaldo, University of Pittsburgh Medical Center.
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However, some authors have reported that alkali lysis and
proteinase K digestion alone is superior for detecting CMV
DNA in blood leukocytes compared with additive phenol-chlo-
roform extraction (117, 118).

Performing PCR on DNA extracted from infected leuko-
cytes allows the rapid diagnosis of CMV infection. Although
PCR is extremely sensitive and specific in detecting the pres-
ence of CMV DNA, there is the concern that a positive signal
resulting from the presence of very few DNA copies may not
differentiate between replicating and latent viruses (91, 142,
157, 507). On the other hand, negative CMV detection by PCR
strongly advocates against CMV infection (33, 278, 347, 448).
Additionally, a positive PCR signal for CMV in a seronegative
recipient is significant because it indicates primary infection
(278). The detection of latent CMV DNA in seropositive pa-
tients in the absence of clinical disease limits the clinical utility
of CMV PCR. This shortcoming, together with the hypothesis
that active viral replication may lead to the release of virus
from cells into serum, has led to studies comparing leukocyte
and serum PCR for CMV. Among solid-organ transplant re-
cipients, the detection of viral DNA in serum by using CMV
PCR is a sensitive and specific indicator of early infection (81,
107, 122). While further studies are needed to determine its
prognostic value in the various groups of organ transplant
patients, serum or plasma has a number of advantages over
separated leukocytes for the detection of virus: it is readily
available as it is one of the commonest specimens sent to the
laboratory, and it requires very little preparation before DNA
extraction. Comparative studies with peripheral blood leuko-
cytes and plasma samples have been done for organ transplant
recipients (117, 151, 190). While plasma PCR may be of clin-
ical utility, further evaluation is needed before firm recommen-
dations can be made on its applicability. PCR can also be of
clinical value when analyzing urine (78, 121), bronchoalveolar
lavage fluid (240, 448), cerebrospinal fluid (70, 170, 491, 499),
aqueous and vitreous humor samples (133, 149, 304), tissue
biopsy samples (48, 54, 112, 268, 501), and other miscellaneous
body fluids (259).

Several protocols for the PCR detection of CMV have been
described. However, these tests vary in the technical aspects of
the amplification procedure, such as choice of target sequence,
characteristics of primers, amplification rounds, and use of
nested PCR assays or hybridization steps targeting internal
sequences of the amplicon. The lack of standardization of the
test methodology complicates the identification of the optimal
assay with the highest sensitivity and specificity for CMV dis-
ease. Standardization of qualitative PCR methods has not yet
been achieved. These assays should also be standardized for
the number of cells from which DNA is extracted (379). An
advantage of amplification methods over culture and antigen
detection assays is that samples can be stored at room temper-
ature for up to 72 h with no significant alteration in the level of
detectable DNA (50, 380, 406). As well, PCR can detect CMV
DNA from the blood of patients with localized disease. How-
ever, PCR techniques are technically challenging, especially
when used for the detection of viral RNA (see below), and are
subject to possible false-positive results secondary to contam-
ination. Accordingly, strict quality control is necessary when
performing PCR in clinical laboratories (182).

Although PCR for CMV DNA detection in peripheral blood
leukocytes is currently the most sensitive procedure for detect-
ing viral infection, when PCR is carried out in a nonquantita-
tive way, it is of little clinical value since the results obtained do
not correlate with clinical symptoms (305). In CMV-seroposi-
tive recipients, CMV DNA detection by PCR often fails to
correlate with disease; therefore, specific test modifications are

needed (157). The measurement of viral load by quantitative
PCR appears to be a promising development that may be
important for the diagnosis and prediction of CMV disease, for
differentiation of latent from active infection, and for monitor-
ing of therapy (91, 122, 141, 315, 358, 379). Methods developed
for DNA quantitation by PCR may be classified into three
categories: semiquantitative, competitive, and noncompetitive
quantitative assays.

Semiquantitative PCR methods provide only relative data.
These procedures are designed to perform titer determinations
of the target template or of an external control by end-point
sample dilution prior to PCR (102, 245) or by coamplification
of target and an endogenous cellular (e.g., b-globin) DNA
sequence (228). The amount of DNA is extrapolated from a
standard curve derived from the amplification of known
amounts of the external standard. By using this method, sig-
nificantly higher levels of CMV DNA were seen in liver trans-
plant recipients with CMV disease than in asymptomatic
CMV-infected allograft recipients (101, 122, 255, 347). After
treatment, clearance of CMV DNA with undetectable PCR
signal has been associated with the disappearance of symptoms
(101).

Competitive quantitative PCR methods are based on the
coamplification of an exogenous template as an internal stan-
dard that competes with the target DNA sequence using the
same set of primers (148). The two amplification products are
differentiated by the presence or absence of a restriction site or
by differences in electrophoretic mobility in a temperature
gradient gel electrophoresis system. The amplified target is
measured by densitometric evaluation of ethidium bromide-
stained gels or after hybridization procedures.

In a noncompetitive quantitative PCR approach, an internal
standard is used that has the same primer binding sites as the
target nucleic acid but differs in the intervening sequences used
for detection of the amplified product (151, 200). The internal
standard is added at a known copy number; the target and
internal standard are coamplified and detected with probes
that have different binding sites.

Quantitation of CMV DNA in blood leukocytes may have
practical implications for the diagnosis of visceral organ dis-
ease during viremia. The median quantity of DNA in the leu-
kocytes of patients with visceral organ disease is significantly
greater than that in patients with viremia alone (399). Com-
pared with serum samples, peripheral blood leukocyte speci-
mens from patients with CMV disease have generally higher
CMV DNA titers (347). By using a quantitative PCR method
on paired buffy coats and sera from liver transplant patients
with symptomatic CMV infection, serum titers were found to
be concordant with buffy coat titers (315). The CMV titer in
serum falls as symptoms resolve with specific antiviral therapy.
Similarly, viral DNA detection in plasma is consistently asso-
ciated with leukocyte DNA titers, although leukocyte titers are
consistently higher than those from plasma (151). Quantitative
PCR on tissue samples, e.g., transbronchial biopsy specimens,
also has potential applications for the diagnosis of CMV dis-
ease (240). Prospective studies will allow the confirmation of
the predictive value of determining the viral load in body
tissues.

High CMV DNA titers in blood are associated with clinical
symptoms in transplant patients. CMV infections occurring
early in the posttransplantation period, that is, within 2 months
of transplantation, appear to have higher viral loads, most
probably because immunosuppression is more intense, and are
usually associated with disease (278). Viral titers rise presymp-
tomatically in some cases (314). In addition, the maximum
CMV DNA level during infection is significantly higher in
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patients who are experiencing primary infection compared to
those who have asymptomatic and/or reactivation CMV infec-
tion (148, 278, 314, 378, 399, 470). After the initiation of
antiviral therapy, CMV DNA levels in blood fall rapidly, cor-
relating with the disappearance of clinical symptoms. In con-
trast, patients unresponsive to therapy have persistent high
levels of virus DNA (347, 470).

Quantitative PCR is being touted as possibly one of the best
diagnostic methods for CMV diagnosis (135). However, each
of the techniques suffers from one or more of several pitfalls.
Namely, they provide relative rather than absolute figures, may
need two different primer pairs for amplification, lack stan-
dardization, are labor-intensive, and engender long turn-
around times. In general, most quantitative PCR protocols
have not been universally applicable because of their expense,
laborious detection procedures, and a limited potential for
batch testing. Notwithstanding, PCR has the potential to rap-
idly and accurately quantify small amounts of target nucleic
acids in clinical specimens. With more sophisticated technical
developments, these problems may be rectified, especially with
the evolution of automated methods that are standardized to
provide results that are reproducible and reliable within a short
period.

As an example, a commercially available PCR-based test,
the AMPLICOR CMV Test (Roche Molecular Systems,
Branchburg, N.J.) has been developed for the detection of viral
nucleic acid. It is a microwell plate assay designed to detect
CMV DNA in an ELISA-like colorimetric format following
nucleic acid amplification. Preliminary evaluation shows con-
cordance of the results of the AMPLICOR CMV Test with the
antigenemia assay (200). The COBAS AMPLICOR CMV
Monitor (Roche Molecular Systems) is a fully automated sys-
tem intended for PCR amplification, detection, and quantita-
tion of CMV in clinical samples (96, 218). This system ampli-
fies target CMV DNA, captures the biotinylated amplification
product with a specific oligonucleotide probe, and detects the
bound products colorimetrically. In addition to accuracy of
automated results, the COBAS AMPLICOR system provides
labor savings, simplifies laboratory setup, consolidates steps,
and reduces hands-on time; results are produced in less than
6 h.

To identify active viral replication, some workers have de-
veloped amplification assays for viral mRNA in leukocytes
(169, 170, 368). The presence of CMV IE mRNA has been
demonstrated in monocytes and polymorphonuclear leuko-
cytes during active CMV infection (249, 463). Reverse tran-
scriptase PCR can be used to selectively detect viral mRNA
transcripts coding for structural and nonstructural proteins in
peripheral blood leukocytes. The absence of circulating
mRNA is associated with a lack of CMV-associated symptoms,
irrespective of the presence or absence of CMV DNA, while its
presence is detected only in the setting of disease (368). It
appears to be less sensitive, however, than the pp65 antigen
test (302) and shell vial culture and PCR (335) in diagnosing
CMV disease. RNA degradation in vitro can give rise to false-
negative results (169, 368). Nevertheless, its excellent specific-
ity makes it a potentially useful tool for distinguishing asymp-
tomatic infection from clinical disease and in the follow-up of
patients treated for CMV infection.

Other Amplification Methods

Non-PCR procedures including those that amplify the signal
generated rather than the DNA or RNA themselves are also
available as quantitative tests to detect CMV DNA. These
tests, which use whole-blood and leukocyte samples, utilize

chemiluminescence for signal detection and can provide quan-
titative results.

The hybrid capture assay (HCA; Digene Diagnostics Inc.,
Silver Spring, Md.), is a solution hybridization antibody cap-
ture assay that uses an RNA probe to hybridize with viral DNA
(289). The resultant hybrid is captured by a monoclonal anti-
body specific for the DNA-RNA hybrids, and the resulting
signal is measured on a luminometer. Unlike PCR, this assay
detects CMV DNA directly and does not require an amplifi-
cation step. Qualitative and quantitative assessment of CMV
DNA are obtained. A handful of studies evaluating the HCA
for solid-organ transplants show that high leukocytic viral loads
strongly correlate with the onset of CMV disease, indicating
more intense viral replication (244, 272, 381, 399). After gan-
ciclovir treatment, significant reductions in the viral loads are
observed; a positive result is associated with recurrence of
active CMV infection (213). The HCA provides a rapid (less
than 6 h) quantitative measure of CMV activity in leukocytes
and is well suited for large-volume testing. However, data is
lacking to support its superiority over other test methods such
as antigenemia and PCR assays and to advocate its routine
clinical application at present.

The branched DNA (bDNA) assay (Chiron Corp., Em-
eryville, Calif.) uses bDNA amplifiers to effect signal amplifi-
cation during hybridization (62). It measures viral nucleic acids
directly from clinical specimens by boosting the reporter signal
rather than amplifying target sequences as the means of de-
tection. The bDNA molecule contains multiple binding sites
for an enzyme-labeled probe. The target nucleic acid is bound
to the bDNA molecule, and the complex is detected with a
chemiluminescent substrate. The test allows the direct quanti-
fication of CMV DNA in blood. The lack of amplification
makes the test less susceptible to contamination. Although this
test is less sensitive than most antigenemia and PCR assays, it
may be amenable to routine use in the clinical setting (111).
Data supporting the value of this test in solid-organ transplant
recipients is needed.

Nucleic acid sequence-based amplification (NASBA) is a
specific isothermal technique of amplification. Unlike PCR,
NASBA is most suitable for the amplification of large quanti-
ties of RNA. Nucleic acid is extracted from whole blood. The
amplification process involves the coordinated isothermal ac-
tivities of three different enzymes (74, 205). The test has the
ability to synthesize large numbers of a specific single-stranded
viral RNA sequence from a double-stranded DNA molecule
generated from the original RNA target; RNA is specifically
expressed during active viral replication. The diagnostic value
of monitoring CMV late pp67 mRNA expression by NASBA
(NucliSens CMV pp67; Organon Teknika) has been evaluated
in patients who have undergone kidney transplantation (38).
These data suggest that NASBA may be more sensitive than
the antigenemia assay for the detection of CMV infection. This
assay offers some advantages over other tests. Whole-blood
samples used for NASBA can be stored prior to testing, and
the test can be completed in a day. The method is standard-
ized; however, the extraction procedure is cumbersome. Addi-
tional clinical testing will better elucidate the role of CMV
pp67 mRNA detection by NASBA in CMV diagnosis of solid-
organ transplants.

Until recently, the primary application for diagnostic tests
for CMV infection in transplant recipients has been either to
confirm or to exclude CMV as the cause of clinical symptoms.
The availability of antiviral drugs has introduced new applica-
tions for virologic monitoring. The increasing use of surveil-
lance and preemptive therapy for CMV indicates the need for
sensitive tests that become positive well before the onset of
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symptoms. While the shell vial culture method has previously
been a widely used test, the antigenemia assay offers more
rapid results, enhanced sensitivity, and earlier diagnosis of
CMV infection. The development of molecular techniques has
also provided a sensitive tool for early CMV detection. The
ability to quantify viral load exists with these last two methods.
Comparative analysis of CMV diagnostic assays shows that the
antigenemia and PCR assays both turn positive before the
onset of clinical symptoms; in general, PCR tends to turn
positive earlier than does the antigenemia assay. The shell vial
assay is markedly less sensitive for the early detection of CMV
infection (458).

Novel applications of preexisting laboratory tests are being
explored as potential adjunctive tools in CMV diagnosis. For
instance, measurement of the CD81 CD381 T-cell subset is
proposed to be a useful immunologic parameter in the fol-
low-up of patients following organ transplantation (32). In a
study of kidney transplant individuals, CD381 antigen expres-
sion on cytotoxic CD81 T cells was shown to drastically in-
crease during the active phase of CMV disease, appearing
before or at the time of the initial manifestations of infection
(32).

Laboratory tests are increasingly being used to direct the
duration of antiviral therapy (211, 476). It is apparent that
further studies evaluating qualitative and quantitative PCRs as
well as antigenemia techniques are needed to determine their
role in the therapeutic monitoring of CMV infection in organ
transplant recipients.

Viral Susceptibility Testing

A potential risk associated with the use of antiviral chemo-
therapy is the emergence of resistant viruses. Additionally, the
increasing usage of drug therapy for both the prevention and
treatment of CMV infection has accentuated the need for
rapid methods of antiviral sensitivity testing and for identifi-
cation of the emergence of resistant virus strains.

The two most commonly used methods to detect and mea-
sure antiviral drug susceptibility are the plaque reduction assay
and the DNA hybridization assay. Both assays detect pheno-
typic resistance to the drug being tested. Each requires CMV
isolation and passage in cell culture, which requires 4 to 6
weeks; only then does chemosensitivity testing begin (150, 363,
443). The plaque reduction assay measures viral efficiency in
forming plaques in the presence of drug (443). Human fibro-
blast cell monolayers are infected with viral isolates containing
a specified titer of PFU. Cultures are incubated with medium
containing serial concentrations of an antiviral agent (150, 153,
154, 262). The results are obtained by counting the number of
plaques formed after 96 h of incubation and are expressed as
the drug concentration producing 50% inhibition of the virus.
Alternatively, the presence of a resistant CMV strain may be
detected by a ,50% reduction in the plaque count detected by
using an immunoperoxidase staining technique (155). The
DNA hybridization assay measures the reduction of viral DNA
synthesis by using a CMV DNA probe in the presence of a
drug (84). Viral DNA is quantified following incubation on
monolayers infected with a known concentration of the CMV
isolate in the presence of the drug. The ability to swiftly detect
resistant CMV strains directly in clinical specimens is desir-
able; such rapid assays include modifications of currently used
tests.

The limitation of these assays is that they can be performed
only on specimens from patients with high levels of viremia.
Also, because of the complexities and variables involved in
antiviral susceptibility testing of CMV isolates, the results of

these assays should be interpreted with caution. Efforts to
establish cutoff values defining drug susceptible and resistant
CMV isolates are being refined. The capability of a flow cyto-
metric assay based on the determination of the effect of a drug
on viral antigen synthesis to measure susceptibilities of CMV
to ganciclovir is being studied (294, 295). The test has the
potential advantages of a shorter processing time and is ame-
nable to automation.

Mutations in two specific CMV genes, the phosphotransfer-
ase gene UL97 and the DNA polymerase gene UL54, confer
ganciclovir resistance of CMV (24, 42, 114, 131, 426). The
protein kinase encoded by the CMV UL97 gene plays a crucial
role in the initial phosphorylation of ganciclovir to its active
form. Alterations in the CMV UL54 gene have also been
responsible for conferring foscarnet resistance (23). Mutations
in the polymerase gene occurring in addition to mutations in
the phosphotransferase gene may increase the level of resis-
tance to ganciclovir or confer cross-resistance to other anti-
CMV drugs (66, 238, 426, 454, 459). By PCR detection of
specific codon mutations, using selective restriction enzyme
analysis or product sequencing, rapid screening for resistant
strains is possible while avoiding viral propagation as needed
for conventional susceptibility testing (10). Such an approach
could be potentially useful in the clinical setting. The limita-
tions of molecular methods for the rapid assessment of antivi-
ral resistance include the presence of small numbers of leuko-
cytes infected with CMV mutant strains, the presence of novel
resistance-associated mutations, and the existence of multiple
viral genotypes in the same person. Finally, measurement of
the viral load may be used as a surrogate marker of drug
resistance (40).

Overall, with ongoing developments in laboratory tests for
CMV diagnosis, it may eventually be possible to choose be-
tween a wide range of clinical tests for different clinical situa-
tions, standardized according to clinical criteria.

TREATMENT

In the last decade, considerable progress has been made in
the use of antiviral chemotherapy to prevent and treat CMV
disease following organ transplantation. A range of regimens
for CMV disease management have evolved, encompassing the
identification of risk factors, the early detection of CMV in-
fection followed by the initiation of specific antiviral therapy,
prophylactic antiviral strategies, reduction in immunosuppres-
sion, prophylaxis and treatment of superinfection, selective use
of intravenous immunoglobulin, and surveillance viral detec-
tion to monitor the response to therapy (248, 450, 485). Sur-
veillance viral monitoring may include serial CMV cultures
(blood, urine) and biopsy with viral culture of tissue specimens
whenever clinically indicated. There is data to indicate that
routine cultures of urine and blood performed during the first
2 months after transplantation are useful in predicting CMV
disease in liver transplant recipients (129).

Prior to the availability of ganciclovir, treatment modalities
necessitated a reduction in immunosuppressive therapy, which
in turn caused an increased incidence of graft rejection. Cur-
rently, the use of ganciclovir for CMV disease allows baseline
immunosuppression to be maintained and allograft rejection to
be treated with high-dose steroids and even with potent anti-
lymphocyte antibody (494).

The optimal duration of antiviral therapy in an individual
patient is unknown but is commonly determined by the clinical
response and elimination of CMV from surveillance viral cul-
tures. On occasion, repeat evaluation of tissue specimens is
necessary. In studies of bone marrow transplant recipients, a
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negative result of a PCR assay in either blood or urine at the
conclusion of antiviral therapy seemed to be a better marker
for effective antiviral treatment than did clinical improvement
or negative blood cultures (112). In solid-organ transplant re-
cipients, a similar approach might indicate the appropriate
time when ganciclovir therapy may be safely discontinued (470,
480).

Quantitative antigenemia and CD81 T lymphocytes in pe-
ripheral blood are other potential markers indicating adequacy
of antiviral therapy (478). Antigenemia assays correlate well
with the clinical course of illness in kidney transplant recipients
treated for CMV disease (266, 458). The levels of antigenemia
decrease within 3 to 4 days after initiation of effective antiviral
therapy (477). It should be noted, however, that early initiation
of treatment in patients with primary CMV infection may also
be followed by a significant rise in antigenemia during the first
week of therapy and delayed antigenemia clearance (156).
Thus, shifting to an alternative antiviral drug based solely on
early increasing antigenemia levels may not be justified.

Analysis and virologic follow-up of antiviral therapy show
that qualitative monitoring of leukocyte CMV DNA is a sen-
sitive virologic parameter to evaluate treatment efficacy (151).
Significant decreases in viral loads are observed during ganci-
clovir administration (213, 314, 470). The discontinuation of
treatment when CMV PCR is positive in bronchoalveolar la-
vage specimens of lung transplant recipients (448) and in blood
specimens of kidney/kidney-pancreas transplant recipients
(213) has been associated with recurrence of CMV infection.
Disappearance of the PCR signal in leukocytes might repre-
sent a primary end point to be achieved during antiviral ther-
apy to delay or prevent a relapse of CMV disease (151). On the
other hand, a positive PCR assay might persist for months
following organ transplantation despite effective antiviral ther-
apy. In this regard, the quantitation of CMV by PCR may be of
value for monitoring the efficacy of chemotherapy; the subject
has generated research interest. Prospective studies will deter-
mine the utility of measuring the circulating CMV DNA load
(both at the beginning of and after treatment) for predicting
clinical outcome in immunocompromised hosts. Overall, the
value of PCR in this setting remains to be determined.

Quantitative PCR appears to be a promising method for
comparing the antiviral effects of different drugs and determin-
ing the length of therapy (44). CMV DNA titers that remain
essentially unchanged after initiation of therapy suggest inad-
equate dosing or resistance to the antiviral drug in use; in-
creases in titer after therapy may herald a relapse of CMV
disease (347). Quantitative assays of viral load and the clinical
response to treatment will probably play an increasing role in
guiding CMV treatment. Assays that are better standardized
and have defined cutoff levels are desired. Nonetheless, anti-
genemia assays and PCR-based tests are becoming routine
procedures in the surveillance as well as therapeutic monitor-
ing of organ transplant recipients with CMV infection.

Before the introduction of ganciclovir, therapeutic options
for symptomatic or invasive CMV disease in the immunocom-
promised transplant host were limited. Currently available an-
tiviral agents with proven efficacy against CMV include ganci-
clovir, foscarnet, and cidofovir; these agents inhibit the
synthesis of metabolically active virus and are not active
against non-replicating or latent virus.

Ganciclovir

Ganciclovir, 9-[2-hydroxy-1-(hydroxymethyl)-ethoxymethyl]
guanine, has excellent activity against members of the herpes
family of viruses (7, 80). It is a prodrug which is phosphorylated

to ganciclovir 59-monophosphate by a protein encoded by the
UL97 open reading frame of human CMV and then to the di-
and triphosphate forms by host cellular kinases (263, 455). The
active drug inhibits viral replication by competing with deox-
yguanosine triphosphate as a substrate for the enzyme DNA
polymerase (224, 324). The incorporation of ganciclovir
triphosphate into the growing chain of viral DNA slows exten-
sion, thus inhibiting viral replication.

Intravenous ganciclovir has been successfully used in uncon-
trolled, nonrandomized therapeutic trials to treat solid-organ
transplant recipients with CMV disease (52, 59, 77, 83, 88, 90,
106, 116, 185, 186, 192, 207, 212, 217, 226, 254, 275, 281, 296,
322, 324, 325, 339, 386, 397, 428, 430, 446, 451, 490, 496). To
date, intravenous ganciclovir remains the drug of choice for the
treatment of CMV disease. One caveat is that treatment of
CMV may not reduce disease severity if the pathogenesis of
the disease is immune system mediated (184, 370). The usual
dose of intravenous ganciclovir is 5 mg/kg every 12 h. Because
of its predominant renal excretion, the dosage should be de-
creased in patients with renal impairment. The concentrations
of ganciclovir in blood are decreased by 50% after 4 h of
hemodialysis; thus, ganciclovir must be readministered shortly
after dialysis (457). CMV disease is typically treated with 2
weeks of intravenous ganciclovir, although it has been sug-
gested that a longer duration of therapy may be required for
gastrointestinal CMV disease (419). Retinitis responds well to
antiviral therapy, suggesting that active viral replication and
direct viral CPE are the major factors responsible for CMV
disease at this location (328). In contrast, CMV interstitial
pneumonitis responds poorly to antiviral therapy alone, even
though ganciclovir dramatically reduces viral replication in the
lungs (418), suggesting that mechanisms other than viral rep-
lication and direct CPE contribute to CMV-related pathology
(175). Unlike treatment of CMV disease in patients with
AIDS, long-term maintenance is seldom required in recipients
of organ allografts.

Recurrent CMV disease appears to respond to ganciclovir as
well as does initial CMV disease (402). In the event of recur-
rent disease despite therapy, determination of the susceptibil-
ity of the isolated CMV strain to currently available antiviral
drugs may be considered; the occurrence of resistant strains
has been documented among organ transplant recipients (10,
271, 383).

Oral ganciclovir has recently been approved for use in solid-
organ transplant recipients for the prevention of CMV disease.
The absorption of ganciclovir following oral administration is
poor; still, levels within the 50% inhibitory concentration for
most CMV strains could be achieved (349). Its utility in the
treatment of CMV infection and disease following solid-organ
transplantation has yet to be determined. Oral ganciclovir may
be useful for maintenance therapy in patients treated with
intravenous ganciclovir who are identified to be at increased
risk for recurrent CMV (320); this also needs to be studied
further.

Adverse effects of ganciclovir when administered to solid-
organ transplant patients are less frequent than in bone mar-
row transplant recipients and AIDS patients. They include
leukopenia, thrombocytopenia, anemia, eosinophilia, bone
marrow hypoplasia, hemolysis, nausea, infusion site reactions,
diarrhea, renal toxicity, seizures, mental status changes, fever,
rash, and hepatocellular dysfunction (52, 80, 85, 131, 403, 416).
The occurrence of hypercalcemia has also complicated ganci-
clovir therapy (147). Hematologic parameters and renal func-
tion should be monitored in patients receiving ganciclovir.
Renal toxicity may occur when the drug is used in conjunction
with other nephrotoxic agents such as amphotericin B, azathio-
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prine, and cyclosporin A and when used in children. The long-
term safety of ganciclovir in both adult and pediatric transplant
recipients has yet to be established (86).

Valganciclovir

Valganciclovir is a valine ester of the active drug ganciclovir
that is formulated as an oral agent. It has the distinct advan-
tage over ganciclovir of having markedly increased oral bio-
availability, attaining levels in serum that approach those of
intravenously administered ganciclovir. Clinical studies on the
pharmacokinetics of this drug in liver transplant recipients are
under way. The accessibility of this agent could potentially
simplify the treatment of CMV infection in immunosuppressed
hosts.

Foscarnet

There is far less experience with the use of foscarnet, triso-
dium phosphonoformate hexahydrate, for treatment of CMV
disease in organ transplantation (30, 237, 267, 377). Until more
data are available, foscarnet should be reserved for patients
who are intolerant of ganciclovir or who have failed ganciclovir
therapy. Foscarnet is an inorganic pyrophosphate analog that
does not need to be phosphorylated into an active form by viral
or host cell enzymes. It selectively inhibits viral DNA polymer-
ase and is virustatic. Its main side effects are nephrotoxicity,
anemia, electrolyte imbalance, nausea, vomiting, and seizures.
Foscarnet is administered intravenously at a dose of 60 mg/kg
three times daily, with dose adjustments in patients with renal
failure. Combination therapy with ganciclovir and foscarnet
exhibits synergistic antiviral activity in vitro (279). Studies with
bone marrow transplant recipients suggest that the combina-
tion of ganciclovir and foscarnet may prove efficacious in the
treatment of CMV infection (15, 16). These findings merit
further investigation. Foscarnet should be useful to treat CMV
disease caused by ganciclovir-resistant CMV strains.

Cidofovir

Cidofovir, (S)-1-[3-hydroxy-2-(phosphonylmethoxy)propyl]
cytosine, a nucleotide analog of dCMP, is a novel agent that
has been introduced to the antiviral pharmacopoeia. Unlike
ganciclovir, cidofovir does not require viral enzymes for acti-
vation (230). In addition to being active against CMV, cidofo-
vir is active against various other viruses including adenovirus,
herpes simplex virus, EBV, hepatitis B virus, polyomavirus,
and human papillomavirus. It is used almost exclusively for the
treatment of CMV infection in patients with AIDS. Current
intravenous dose recommendations are 5 mg/kg once weekly
for two doses and then 5 mg/kg once every other week; dosage
adjustments are made in patients with impaired renal function.
A major drawback of cidofovir is its associated nephrotoxicity;
this can be partially averted by the concurrent administration
of probenecid. Neutropenia and constitutional reactions to
probenecid may be encountered. Cidofovir is, however, an
attractive alternative to the other compounds because its long
half-life allows infrequent intravenous dosing intervals, thus
avoiding the need for long-term intravenous access. The ap-
plicability of cidofovir use in solid-organ transplants remains
investigational; it may have a niche in the treatment of certain
strains of virus resistant to other currently available therapies.
A prodrug of cidofovir is being developed; it appears to be less
nephrotoxic than the parent compound.

Acyclovir

Although high concentrations of acyclovir, 9-[(2-hydroxy-
ethoxy)methyl]-9H-guanine, inhibit CMV in vitro, clinical tri-
als have demonstrated no benefit from acyclovir in the treat-
ment of CMV infection (486).

Immunoglobulin Therapy

CMV hyperimmune globulin has been found by some inves-
tigators to be ineffective in the treatment of CMV disease in
solid-organ transplant recipients (53); others allude to a pos-
sible benefit to be gained from passive immunotherapy (256,
367). The role of combining CMV-specific immune globulin
with ganciclovir for invasive CMV disease is controversial
(390). The cost of immune globulin administration also should
be considered. Nevertheless, combination therapy may be war-
ranted in specific subsets of patients, e.g., those with severe
CMV pneumonia.

Antiviral Resistance

Clinical CMV isolates resistant to antiviral agents have been
identified in solid-organ transplant recipients. Certain muta-
tions in the viral UL97 and UL54 genes confer ganciclovir
resistance to CMV (24, 42, 114, 131, 426). Codon changes in
the DNA polymerase gene UL54 are responsible for foscarnet
resistance (23). Cross-resistance to other antiviral agents has
been demonstrated in certain isolates. High-level ganciclovir-
resistant isolates are often cross-resistant to cidofovir and may
have reduced sensitivity to foscarnet (66, 238, 426, 454, 459).
So far, in vitro ganciclovir resistance has not been common in
solid-organ transplant recipients. Nevertheless, reports that
ganciclovir resistance can be a clinically significant problem in
this population are increasing (10, 22, 384). It is possible that
the incidence of resistance will increase further with changes in
the ways that primary prophylaxis and treatment for CMV are
administered. This indicates a need for increased vigilance for
antiviral resistance, especially as new oral antiviral prepara-
tions are used for prolonged periods, either for prophylaxis or
as treatment.

New Anti-CMV Drugs

Novel antiviral compounds such as benzimidazole (508), ad-
efovir (504), and lobucavir (461) are currently under investi-
gation and might further improve the management of CMV
infection. Moreover, antisense oligonucleotides complemen-
tary to RNA transcripts of IE genes provide a novel mecha-
nism of inhibition for viral replication (11). Such agents, in-
cluding fomivirsen (285), are being studied. Effective and less
toxic CMV inhibitors that can stop viral replication and pre-
vent CMV reactivation are needed. As more patients receive
organ transplants, the search to identify and develop such
drugs will intensify.

PREVENTION

The ability of CMV to predispose solid-organ transplant
recipients to superinfection with other organisms and to de-
creased graft and patient survival, coupled with its properties
as an immunomodulating agent, has hastened the pursuit to
find effective prophylactic strategies to prevent infection (176).
To date, a number of measures for preventing CMV infection
have been evaluated: (i) selection of allografts from CMV-
seronegative donors for CMV-seronegative recipients; (ii) use
of CMV-seronegative, filtered, or leukocyte-poor blood prod-
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ucts; (iii) active immunization with a vaccine; (iv) passive
immunization with immune globulin; (v) prophylaxis with
antiviral agents; (vi) preemptive therapy; and (vii) adoptive
immunotherapy.

Avoidance of Infection

Since primary CMV infections are more likely to produce
morbidity than are reactivation infections and since the donor
organ is a demonstrated source of virus, matching of donor and
recipient by serologic status is an ideal way of decreasing the
overall frequency of illness due to CMV. Knowledge of the
CMV serostatus of the donor and recipient pretransplantation
identifies individuals who might develop CMV disease follow-
ing organ transplantation. Protective matching of seronegative
donors with seronegative recipients decreases both the inci-
dence and severity of CMV disease. However, because of the
scarcity of donor organs, constraints on organ transplantability,
and the ever-increasing waiting time for organ transplantation,
allocation of allografts on the basis of CMV serologic compat-
ibility has not been widely implemented (400).

The risk of transfusion-acquired CMV infection is propor-
tional to the volume of blood products transfused. One of the
simplest and most direct ways to reduce the risk of CMV
infection is to ensure the use of CMV-seronegative blood
products in CMV-seronegative transplant recipients. Viral
transmission by blood products is decreased with the use of
CMV antibody-negative blood products or high-efficiency leu-
kocyte filters to remove viable leukocytes that harbor CMV
(366, 404).

Active Immunization

Administration of a CMV vaccine to seronegative transplant
candidates is theoretically a simple and effective way of reduc-
ing the risk of CMV infection and disease. Vaccination of renal
transplant recipients with live attenuated vaccines prepared
from the Towne and Toledo strains of CMV has been evalu-
ated (355). The Towne live-virus vaccine was shown to reduce
disease severity among those who were CMV seronegative at
the time of vaccination and who subsequently received a kid-
ney from a seropositive donor (354, 355). Although the vaccine
did not completely prevent CMV disease, it appeared to re-
duce the severity of primary infection. Compared to normal
volunteers, the immunogenic response to vaccination was
muted by immune suppression. The failure of vaccinated se-
ronegative recipients to seroconvert occurred at a relatively
high rate (24%) (280, 353). The Towne vaccine fell short of its
expected efficacy by its inability to prevent superinfection with
other strains of human CMV (356). The use of an effective
subunit vaccine may be a more promising alternative. Work on
the development of such a subunit vaccine has focused on the
viral envelope glycoprotein, designated gB (356). It seems
likely that as more is learned about the immune system mech-
anisms involved in the control of the virus, it will become
possible to induce immunologic protection with inactivated,
recombinant DNA-produced vaccines (91, 214). Although
complete protection against CMV may not be achieved by
vaccination, partial immunity may obviate the development of
serious manifestations of CMV infection and disease. More-
over, a suboptimal vaccine may suffice when used in combina-
tion with other therapies, such as antiviral drugs and/or immu-
noglobulin administration.

Immunoglobulin Prophylaxis

Human immunoglobulin preparations have been studied as
prophylactic agents against CMV infection after organ trans-
plantation (21, 75, 130, 174, 222, 395, 431–433) (Table 4).
Standard immunoglobulin preparations contain antibodies
from blood and plasma of donors with natural antibodies
against CMV, and they vary in their content of neutralizing
antibody titers against CMV. By contrast, when blood from
donors with high antibody titers against CMV is used, CMV
hyperimmune globulin has five to eight times the neutralizing
antibody titer of unselected immunoglobulin (95). Passive im-
mune prophylaxis may reduce the severity of CMV disease in
some solid-organ transplant settings.

Studies of kidney transplant recipients receiving hyperim-
mune CMV immunoglobulin preparations have shown signif-
icant reductions in symptomatic illness due to CMV (39, 433)
and in the incidence of opportunistic infections in globulin
recipients (433). Although the preventative efficacy is attenu-
ated when antilymphocyte antibodies are administered, CMV
hyperimmune globulin prevents primary disease (429) and may
completely prevent CMV-related deaths (300). In randomized
controlled trials, CMV immunoglobulin preparations have
been effective in preventing CMV disease in liver transplant
recipients as well (395, 431, 432). In addition, disease severity
was reduced in all those who received passive immunotherapy,
even those treated with antilymphocyte therapy (433). Never-
theless, the protective effect of immunoglobulin in CMV-sero-
negative liver transplant recipients of organs from CMV-sero-
positive donors appears to be borderline (473). Studies of
CMV prophylaxis with CMV immunoglobulin in other solid
organ transplant recipients suggest that globulin prophylaxis
may be effective (395, 407). A meta-analysis of studies of car-
diac transplants indicates that CMV immunoglobulin reduces
the rate of disease without affecting the rate of asymptomatic
infection (473). A randomized trial with heart, lung, and kid-
ney transplant recipients showed no difference when acyclovir
was used with or without unselected immunoglobulin (21). In
a small group of lung transplant patients, the use of CMV
immunoglobulin in high-risk individuals had a positive clinical
impact by reducing CMV-associated morbidity (223). Finally, a
meta-analysis of CMV immunoglobulin studies of transplant
patients indicated the effectiveness of CMV immunoglobulin
in the prevention and treatment of CMV infection among
patients undergoing organ transplants (498). Most of these
studies support the concept that prophylactic immunoglobulin
therapy can attenuate the severity of CMV disease after trans-
plantation. In part, the reason for the apparent limited efficacy
of immunoglobulin prophylaxis may be secondary to insuffi-
cient antibody titers (14). Additionally, CMV immunoglobulin,
beyond its proven efficacy in decreasing the incidence of severe
CMV-associated disease, reduces the frequency of invasive
fungal disease (432) and is associated with increased survival
when used prophylactically in liver transplant recipients (128).

The incidence of adverse effects related to immunoglobulin
administration is usually less than 5%, and the manifestations
are typically mild and self-limited. Headaches, back or abdom-
inal pain, nausea, vomiting, shortness of breath, fever, chills,
and myalgias are the most commonly reported. Anaphylactic
reactions have been described in patients with immunoglobulin
A deficiency given preparations that contain immunoglobulin
A. Contamination of some immunoglobulin preparations with
hepatitis C virus has occurred (37). All currently manufactured
preparations require both screening of plasma pools for anti-
hepatitis C virus antibody and the removal of hepatitis C virus-
positive products, as well as additional viral inactivation steps.
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Whether there is the potential for transmission of other yet
unidentified pathogens is unknown.

While immunoglobulin therapy appears to have low toxicity,
the cost of prophylaxis (typically several thousand dollars per

patient) is high and protection against CMV is only partial.
Additionally, this therapy is logistically difficult to administer.
A formal comparison between antiviral and immunoglobulin
prophylaxis has suggested that immunoglobulin and ganciclo-

TABLE 4. Summary of randomized passive immunoprophylaxis trials in solid-organ transplant recipientsd

Type of
transplant Reference Type of study No. of patients studied

(no. of D1/R2 patients)a Prophylactic regimen

Kidney 174 Primary and secondary prophylaxis,
non-placebo controlled

24 Hyperimmune serum 0.1 g/kg days 0, 1,
and every 3 wk for 6 mo

vs.
24 no treatment

130 Primary and secondary prophylaxis 42 Hyperimmune globulin (Cytotect; Biotest-
Pharma, Dreieich, Germany) 10 g on
days 0, 18, 38, 58, and 78

vs.
34 immunoglobulin (Intraglobin; Biotest-

Pharma, Dreieich, Germany) 10 g (same
schedule)

433 Primary prophylaxis, non-placebo
controlled

24 (24) CMV immune globulin (Mass. Public
Health Biological Laboratories) 150 mg/
kg for 72 h; 100 mg/kg at wk 2 and 4; 50
mg/kg at wk 6, 8, 12, 16

vs.
35 (35) no treatment

75 Primary prophylaxis, non-placebo
controlled

27 (27) Unselected immunoglobulin 500 mg/kg
within 48 h and at wk 1; 250 mg/kg per
wk for 5 wk

vs.
24 (24) ganciclovir 2.5 mg/kg/day i.v. for 21 days

222 Primary and secondary prophylaxis,
non-placebo controlled

15 (1) Polyvalent immunoglobulin (GamImune N;
Bayer Corp., West Haven, Conn.) 500
mg/kg within 48 h posttransplant, then
weekly for 23 wk

vs.
13 (1) no treatment

Liver 71 Primary and secondary prophylaxis,
prospective, placebo controlled

25 (0) Immunoglobulin (Sandoglobulin; Novartis
Pharmaceuticals, East Hanover, N.J.)
500 mg/kg on days 1, 7, 14, 21, 28, 42,
56, 70, and 84

vs.
25 (4) albumin at a similar concentration on same

days

395 Primary prophylaxis of recipient,
controlled, prospective

22 (15) CMV immunoglobulin 250 mg/kg on day 0;
then 125 mg/kg every 10 days for 3 mo

vs.
12 (7) no prophylaxis

432 Primary and secondary prophylaxis,
double-blinded

69 (19) CMV immunoglobulin (Mass. Public
Health Biological Laboratories) 150 mg/
kg within 72 h of transplant and at wk 2,
4, 6, and 8; 100 mg/kg at wk 12 and 16

vs.
72 (19) placebo (1% serum albumin)

431 Primary prophylaxis (R2);
compared with seronegative
receiving placebo in above
random-assignment trial

21 (9) CMV immunoglobulin (Mass. Public
Health Biological Laboratories) 150 mg/
kg within 72 h of transplant and at wk 2,
4, 6, and 8; 100 mg/kg at wk 12 and 16

44 (19) placebo

a If known, the number of CMV-negative patients given donor-positive organs (D1/R2) is shown in parentheses.
b ATG, antithymocyte globulin; i.v., intravenous; p.o., peroral.
c Among patients given the drug, the percentage refers to the first versus the second regimen.
d Modified from references 334a and 336a with permission of the publisher.

100 SIA AND PATEL CLIN. MICROBIOL. REV.



vir both reduce symptomatic CMV infection but that the latter
is a much cheaper option (75). Together, the results of ran-
domized trials with solid-organ transplant indicate that (i) im-
munoglobulin preparations confer some degree of efficacy in
preventing CMV disease, this being more consistent with CMV
hyperimmune globulin preparations; (ii) these benefits are at-
tenuated when antilymphocyte therapy is used; (iii) renal

transplant recipients are more likely to benefit from CMV
hyperimmune globulin than are nonrenal (e.g., liver) trans-
plant recipients, especially within the high-risk (CMV donor
positive-recipient negative) group; and (iv) the advantages in-
clude the relatively infrequent administration (weekly inter-
vals) and the lack of need for continuous intravenous access.
The main disadvantage of immunoglobulin therapy is cost.

TABLE 4—Continued

Outcome(s)b

CMV diseaseb Mortalityc

Beneficial effect on CMV illness but not infection in
patients on cyclosporine and not in those on
azathioprine/ATG

0% vs. 17% (cyclosporin); 58% vs. 37%
(azathioprine/ATG)

Not reported

No change in CMV infection; decreased severity of
symptoms of primary infection in the hyperimmune
globulin group

Not reported 0% vs. 0%

Reduced CMV-associated syndromes, fungal and
parasitic superinfections

21% vs. 60% 4% vs. 14%

Both regimens reduced CMV syndromes and invasive
CMV infection (compared to historical controls);
ganciclovir was much cheaper

22% vs. 21% 0% vs. 0%

No benefit 53% vs. 77% Not reported

No benefit 32% vs. 20% None reported

Decreased rate of CMV disease in D1/R2 27% vs. 86% (D1/R2), 14% vs. 0% (D2/R2) Not reported

Reduction in severe CMV disease; no effect in D1/R2

group
19% vs. 31% 17% vs. 25%

Reduction in severe CMV disease in D1/R2 group 14% vs. 32% Not reported
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Pharmacoeconomic studies comparing the administration of
effective antiviral agents and CMV hyperimmune globulin will
have to be performed to address cost and benefit issues (75). In
liver, lung, and perhaps heart and pancreas transplants, high-
risk individuals may require enhanced prophylaxis; this may be
achieved by combining CMV hyperimmune globulin with an-
tiviral agents. Thus, the role of prophylactic CMV immuno-
globulin or gamma globulin preparations for the prevention of
CMV disease remains to be better defined.

Specific Antiviral Prophylaxis

Universal prophylaxis against CMV implies that all trans-
plant patients receive antiviral therapy. The ideal CMV pro-
phylactic regimen should possess a number of features. The
foremost criteria for such an agent is that it be effective in an
oral formulation, if frequent administration is required, or in
an intravenous formulation that can be given at infrequent
intervals (e.g., weekly), and that it be efficacious without the
need for virologic monitoring. It should be safe, requiring
minimal laboratory evaluations and drug monitoring, and hav-
ing few adverse interactions with other medications used in
organ transplantation. Lastly, the drug should possess pan-
virustatic/cidal activity against CMV as well as other herpes
viruses, with minimal potential for inducing antiviral resis-
tance. The present-day knowledge of CMV pathogenesis as
well as CMV prophylaxis leaves much to be learned; significant
advances are necessary to achieve the goals set forth for the
effective prevention of CMV disease.

Current prophylactic approaches vary widely among differ-
ent transplant programs (5, 8, 18, 26, 72, 104, 105, 143, 145,
172, 232, 236, 273, 284, 299, 319, 382, 396, 423, 497) (Table 5).
Reasons for the discrepancies reflect the absence of large,
multicenter, randomized trials evaluating the efficacy of count-
less preventive strategies. In addition, the results of small sin-
gle-center studies are frequently difficult to reproduce, since
differences in end points, definitions, viral surveillance, type of
immunosuppressive regimen, patient population, and fre-
quency of antilymphocyte antibody treatment are common.
More importantly, inherent differences among the types of
solid-organ transplants must be considered.

Some retrospective studies on the efficacy of acyclovir pro-
phylaxis in high-risk renal transplant patients document a high
breakthrough and mortality from primary CMV disease in
patients who received oral acyclovir (165, 502). However, a
randomized, placebo-controlled trial using high-dose oral acy-
clovir has shown acyclovir to have a moderately beneficial
effect in preventing CMV disease following kidney transplan-
tation (26). Similarly, high-dose acyclovir with targeted intra-
venous ganciclovir administration during antilymphocyte anti-
body therapy appears to be an effective strategy against CMV
reactivation in those receiving either a kidney or kidney-pan-
creas allograft (35, 417). Results of similar studies done on
liver transplant recipients have been disappointing (284, 423,
497), although one study suggested a beneficial effect with 2 g
of oral acyclovir a day taken by CMV-seropositive liver trans-
plant recipients for 16 weeks (145). While acyclovir is not
particularly active against CMV in vitro, it is possible that the
achievable cellular levels will inhibit the small amounts of
replicating virus that are present as it emerges from latency.
Recently published data shows valacyclovir, the prodrug of
acyclovir, to be effective in preventing CMV disease in kidney
transplant recipients (269a).

Adverse effects of acyclovir administration include phlebitis
after intravenous infusion, renal toxicity, confusion, delirium,
lethargy, lightheadedness, tremors, seizures, nausea, vomiting,

and rash. Although acyclovir meets many of the criteria for an
ideal prophylactic drug, its efficacy as an anti-CMV compound
is suboptimal. Based on current data, it can be indicated as a
primary agent only for non-high-risk renal transplant recipi-
ents.

Intravenous ganciclovir administered to heart (299), liver
(18, 72, 284, 319, 497), kidney (382), and lung (104) transplant
recipients has been successful in preventing CMV disease.
Decreased and delayed CMV disease was observed in liver
transplant recipients receiving 2 weeks of ganciclovir followed
by high-dose acyclovir compared to the effect in those receiving
only high-dose acyclovir (18, 284). However, a study of pedi-
atric liver transplant recipients demonstrated no benefit with 2
weeks of intravenous ganciclovir followed by high-dose oral
acyclovir for CMV prophylaxis (172). Yet another study
showed that ganciclovir administered for 100 days after liver
transplantation significantly decreased the incidence of CMV
disease (497).

The rate of CMV infection and disease is higher in lung
transplant recipients than in other solid-organ transplant re-
cipients. Therefore, prolonging the administration of ganciclo-
vir could theoretically reduce CMV-associated morbidity.
Within this context, ganciclovir administration beginning 1
week after lung transplantation and continued until day 90 was
slightly more effective than a 3-week course of ganciclovir
followed by high-dose oral acyclovir (104). A reduction in the
frequency of CMV infection occurred, although this effect was
not maintained as the follow-up period increased.

An alternative approach is to combine intravenous ganciclo-
vir with intravenous immunoglobulin. In a randomized place-
bo-controlled trial, intravenous ganciclovir given for 30 days
versus placebo given concurrently with intravenous immuno-
globulin for 30 days to pediatric liver transplant recipients at
risk for primary CMV disease did not show any benefit of
ganciclovir in the prevention of CMV disease above that
achieved by intravenous immunoglobulin alone (232). The pro-
phylactic administration of ganciclovir in combination with
hyperimmune globulin to lung transplant recipients averted
the development of serious CMV disease in those at risk, i.e.,
those with either donor or recipient CMV seropositivity (189).
It is possible that lung and gastrointestinal transplant recipi-
ents and high-risk recipients of other organ allografts will re-
quire protracted courses of antiviral prophylaxis to successfully
avert the development of CMV disease.

The administration of intravenous ganciclovir for 100 days is
not generally acceptable because of the need for continuous
intravenous access and the costs this entails. Recently, an oral
formulation of ganciclovir has become available. Data on the
efficacy of oral ganciclovir in the prevention of CMV disease
following liver transplantation has been published (143). In
this study, both CMV-seropositive recipients and CMV-sero-
negative recipients of seropositive allografts were randomized
to receive either placebo or oral ganciclovir, 1 g three times a
day until day 98 after transplantation. Those who received oral
ganciclovir had a significantly lower incidence and delayed
onset of both CMV infection and disease. This beneficial effect
was not attenuated by the use of antilymphocyte therapy. In a
similar fashion, a 12-week course of oral ganciclovir (1 g three
times a day) given to recipients of kidneys from CMV-sero-
positive donors, begun at the time of transplantation, pre-
vented CMV infection and disease during the period of pro-
phylaxis (51). Although achievable ganciclovir levels in serum
following oral administration are significantly lower than those
achieved following parenteral administration, they may be suf-
ficient to inhibit viral replication following transplantation.

Data from prospective randomized trials of antiviral prophy-
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laxis in solid-organ transplant recipients have established a
clinically significant beneficial effect of antiviral agents in re-
ducing the incidence of both CMV infection and disease (79).
Although not standard practice in all transplantation pro-
grams, oral ganciclovir should be considered for CMV prophy-
laxis for CMV-seropositive recipient or donor CMV-seropos-
itive/recipient CMV-seronegative liver and heart transplant
patients, and for donor CMV-seropositive/recipient CMV-se-
ronegative kidney transplant recipients. For donor CMV-sero-
positive/recipient CMV-seronegative lung transplant recipi-
ents, intravenous followed by oral ganciclovir may be used in
combination with immunoglobulin, and for CMV-seropositive
lung transplant recipients, intravenous followed by oral ganci-
clovir may be used, although standard regimens have not been
established. In general, prophylactic antiviral agents should not
be used in seronegative transplant recipients receiving organs
from seronegative donors.

Prophylaxis against CMV may have the added benefit of
preventing other superinfection, especially those for which
CMV infection is itself a risk factor. For instance, prophylactic
ganciclovir administration reduces fungal as well as CMV in-
fections in cardiac transplant recipients (487). Despite ganci-
clovir prophylaxis, however, there is evidence that cardiac
transplant recipients who develop CMV disease have inferior
long-term survival and graft function and a higher incidence of
coronary atherosclerosis compared to those who do not have
the disease (473).

The effect of prolonged ganciclovir prophylaxis on the emer-
gence of resistant viral strains has not been extensively studied.
While an early study showed that antiviral prophylaxis in solid-
organ transplant recipients did not select for ganciclovir-resis-
tant isolates of CMV (43), reports that the use of ganciclovir
may select for drug-resistant CMV have been increasing (22,
271, 383). As with any pharmacologic agent, the costs of pro-
phylactic ganciclovir administration must be taken into ac-
count (Table 6). As well, use of the intravenous formulation
necessitates the placement of vascular catheters for extended
venous access, and this carries an increased risk for line infec-
tions.

Studies of foscarnet prophylaxis in solid-organ transplant
recipients have not been done. The drug requires intravenous
administration and is not a suitable prophylactic agent because
of its significant nephrotoxicity. CMV monoclonal antibody is
being developed, but its use will be costly; unless it proves to be
highly efficacious, it will probably not be cost-effective. Cido-
fovir exerts potent antiviral activity against CMV, including
some ganciclovir-resistant strains. Its long half-life allows a less
frequent dosing interval by the parenteral route, making it an
attractive candidate agent for CMV prophylaxis. A major
drawback is the resulting nephrotoxicity; coadministration of
probenecid could potentially reduce the incidence of this un-
desirable complication (19). Lobucavir is another active oral
anti-CMV agent (49); its clinical efficacy for CMV prophylaxis
is as yet not clear. The prodrug of ganciclovir, valganciclovir, is
similarly very active against CMV; the ease of oral administra-
tion combined with its high bioavailability certainly makes this
drug a very attractive choice among all the antiviral agents.

The ideal anti-CMV prophylactic regimen(s) has yet to be
established. A number of protocols have been adopted by
various transplant institutions. Regimens are based on the type
of organ transplant, the assessment of an individual’s risk for
acquiring CMV infection, laboratory detection of CMV, and
the intensity of immunosuppression.

Preemptive Prophylaxis

The introduction of rapid diagnostic tests has enabled clini-
cians to detect viral replication and therefore to diagnose ac-
tive CMV infection prior to the onset of overt disease. This
provides an opportunity for the initiation of early antiviral
treatment. This so-called preemptive therapy is defined as
highly effective treatment administered for a brief period to
individuals who are at the highest risk for the development of
serious CMV disease (391). This approach has the advantage
of avoiding unnecessary prophylaxis in patients who are at no
increased risk for CMV-associated morbidity and death. Early
therapy given in this manner is dependent on a laboratory
marker or patient characteristic which identifies the subgroup
of individuals at an increased risk for disease at a time when
antimicrobial intervention would be maximally effective in
aborting the impending disease process (392).

The detection of markers for early CMV infection is an
essential aspect of the success of preemptive treatment. Can-
didate laboratory tests include molecular assays that detect
CMV DNA or RNA, antigenemia tests, and rapid viral cul-
tures (2, 33, 91, 163, 239, 297, 335, 336, 351, 464, 474). It
becomes imperative that the test chosen not only detect the
presence of CMV sufficiently in advance of onset of symptoms,
but also predict subsequent CMV disease and the need for
antiviral therapy. The sensitivity and specificity of a laboratory
assay as a marker of future CMV disease in the different
solid-organ transplant populations is a matter of debate. The
utility of any of these assays can be effectively established only
when evaluated in the context of an effective antiviral agent.
The ideal scenario consists of the performance of a relatively
inexpensive surveillance test to detect the presence of an early
marker for CMV disease, with a quick turnaround time, at the

TABLE 6. Cost of antiviral prophylaxis for CMV infection
in solid-organ transplant recipientsa

Prophylactic regimenb Charge

Acyclovir 800 mg orally qid for 14 days (inpatient) $125.68
Acyclovir 800 mg orally qid for 120 days (14 days

inpatient and 106 days outpatient) $1,683.98c

Acyclovir 5 mg/kg intravenously tid for 14 days
(inpatient) $2,158.80d

Valacyclovir 2 g orally qid for 90 days (14 days
inpatient and 76 days outpatient) $4,328.79e

Ganciclovir 5 mg/kg intravenously bid for 14 days
(inpatient) $1,646.75d

Ganciclovir 5 mg/kg intravenously 5 days a week
for 3 months (outpatient) $3,399.60d

Ganciclovir 3 g/day orally for 16 weeks (outpatient) $5,613.05f

CMV immunoglobulin (Cytogam; Medimmune
Inc., Gaithersburg, Md.) 150 mg/kg within 72 h;
200 mg/kg at wk 2, 4, 6, and 8; 50 mg/kg at wk
12 and 16 $16,892.33d

a Outpatient costs reflect Mayo Clinic Pharmacy charges as of 15 January 1998.
Mark-up, preparation, and in-hospital administration charges are included. Out-
patient administration of intravenous preparations not included. The cost of
intravenous ganciclovir therapy for 5 days per week is based on home adminis-
tration using the Intermate system.

b qid, four times a day; tid, three times a day; bid, twice a day.
c Cost based on generic brand of acyclovir (Schein Pharmaceutical, Inc., Flo-

rham Park, N.J.).
d Cost based on the dose for a 70-kg kidney transplant patient. The dose for

other types of solid-organ transplant recipients (e.g., liver transplant recipients)
may be higher and thus the cost will increase.

e Cost based on a 500-mg caplet (Valtrex; Glaxo Wellcome, Inc., Research
Triangle Park, N.C.).

f Cost based on a 250-mg capsule (Cytovene; Roche Laboratories, Inc., Nutley,
N.J.).
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period when the risk of viral acquisition after organ transplan-
tation is at the highest (i.e., 2 to 6 weeks). This is followed by
the initiation of treatment with a highly effective anti-CMV
agent that is taken orally by those identified with a positive
disease marker (76, 110, 143, 197, 300, 423, 447, 453) (Table 7).

Among liver transplant recipients, a 7-day course of intra-
venous ganciclovir started when CMV was cultured from sur-
veillance blood or urine cultures provided effective prophylaxis
against symptomatic illness (423). However, CMV disease de-
veloped in 63% of those without prior positive surveillance
cultures. Since the sensitivity of the shell vial assay as an early
marker of CMV disease is poor (8 to 63%) (347), it is not a
reliable test on which to base preemptive therapy.

Antigenemia testing shows promise as a marker for preemp-
tive therapy (109, 211). By using CMV antigenemia as the
diagnostic assay, intravenous ganciclovir given to those with
positive tests was highly effective in preventing CMV disease
(168). Test positivity may precede CMV disease onset by up to
14 days (107, 117, 458, 466, 469), allowing for timely interven-
tion. In cardiac transplant recipients, antigenemia is 83% sen-
sitive as an early marker for the future development of symp-
tomatic CMV infection but precedes the onset of overt disease
by only 5 days (239). In one study, preemptive treatment with
ganciclovir based on antigenemia reduced the incidence of
disease in lung and heart transplant patients while omitting
unnecessary antiviral prophylaxis in those who were CMV an-
tigen negative (110).

In a study involving nine renal transplant patients monitored
twice weekly, antigenemia-positive subjects were randomized
to receive intravenous ganciclovir, 5 mg/kg/day for 10 days,
versus observation alone (464). Each of four patients who
received preemptive therapy remained asymptomatic; when
the treatment was stopped, antigen levels increased in three of
the four and these three subsequently manifested symptomatic
CMV infection. CMV disease developed rapidly in the five
control patients. These outcomes suggest that ganciclovir ther-
apy was not started early enough (i.e., positive antigenemia
tests occurred too late for preemptive therapy to be of signif-
icant benefit) or that either higher doses and/or longer courses
of ganciclovir therapy are required to successfully prevent
CMV disease. This vignette illustrates the complexities in-
volved in the institution of preemptive therapy.

Standard methods for the detection of viral nucleic acids,
including PCR-based tests, have been used to diagnose CMV
infection presymptomatically. With advancements in molecu-
lar biotechnology, PCR can be performed quickly and can give
quantitative information. PCR performed on peripheral blood
leukocytes gives the earliest positive signal of CMV replica-
tion, followed by PCR performed on plasma or serum (500). In
one study, peripheral blood leukocyte PCR positivity preceded
CMV disease by 17 days while serum PCR positivity preceded
CMV disease by 12 days (298). Importantly, different PCR
assay conditions, including primer set selections, may influence
the sensitivity of such assays. This could potentially be used to
guide preemptive therapy. Studies performed on liver trans-
plant recipients have shown that among the donor-seroposi-
tive/recipient-seronegative group, PCR positivity in peripheral
blood lymphocytes strongly predicts the subsequent develop-
ment of CMV disease, suggesting that in this patient group,
qualitative PCR remains a reliable indicator on which to base
preemptive treatment (2, 297). A study performed with kidney
transplant recipients has shown that quantitative PCR detec-
tion of CMV in peripheral blood leukocytes may provide an
indicator of impending symptomatic disease (378). Although
quantitative PCR assays are attractive tests for the diagnosis of
established CMV disease, qualitative assays may be sufficient

for the early diagnosis of CMV infection before the develop-
ment of disease (33, 255, 358).

Among renal allograft recipients who receive antithymocyte
induction therapy, PCR of buffy coat specimen is superior to
conventional culture monitoring for the detection of CMV
viremia (51, 120). Based on a positive CMV PCR, preemptive
therapy with ganciclovir decreased symptomatic CMV epi-
sodes, although the overall cost was equivalent between those
who received preemptive therapy and those in whom treat-
ment was deferred (51).

PCR detection of CMV DNA in transbronchial lung biopsy
specimens from lung transplant recipients within the first
month after transplantation indicates a greatly increased risk
for developing CMV disease (235). Quantitation of PCR-am-
plified CMV particles in bronchoalveolar lavage specimens has
been successfully used to predict the development of CMV
pneumonitis in lung and heart-lung transplant patients, and its
use as a marker for preemptive therapy has been suggested
(56). PCR quantitation of CMV DNA in blood and urine
appears to be another potential assay for predicting clinical
disease (101, 141, 378). PCR is a sensitive method for the early
detection of CMV in allograft intestinal biopsy specimens and
may be a valuable marker for preemptive therapy after intes-
tinal transplantation (246). For early diagnosis, detection of
CMV mRNA by PCR is inferior to the antigenemia assay
(302). At present, PCR is the most sensitive assay and provides
the earliest marker of CMV disease in solid-organ transplant
recipients.

In addition to laboratory diagnosis of CMV, individuals at
risk for CMV infection may be identified by certain patient
profiles. Antirejection treatment and the use of antilymphocyte
antibodies following transplantation pose significant threats
for the development of CMV disease (242, 359). For viral
prophylaxis to be efficacious, the potency of antiviral strategies
needs to be proportionate to the intensity of the anti-rejection
regimen. As demonstrated in renal transplant recipients in
whom antithymocyte globulin therapy is a risk factor for CMV
disease, the concomitant administration of intravenous ganci-
clovir decreased the incidence of CMV disease (76, 197). This
may potentially provide a cost-effective strategy of significantly
improving the outcome of organ transplantation in CMV-se-
ropositive patients. Preemptive intravenous ganciclovir ther-
apy in seropositive liver transplant recipients treated with
OKT3 for steroid-resistant rejection resulted in a delay in the
time of onset of CMV infection and a decrease in the fre-
quency and severity of CMV disease (270). Intravenous gan-
ciclovir given to CMV-seropositive kidney and liver transplant
patients receiving antilymphocyte antibody therapy virtually
prevented CMV disease in allograft recipients (471). The ef-
ficacy of immunoglobulin for preemptive therapy is less clear.
Among liver transplant recipients, immunoglobulin alone re-
duced the severity of CMV disease associated with antilym-
phocyte therapy (351, 447); used in combination with acyclovir
during antilymphocyte therapy, immunoglobulin infusion did
not reduce the rate of CMV disease (453).

Overall, preemptive therapy is a promising concept in the
management of CMV infection following solid-organ trans-
plantation. Routine monitoring for CMV infection may be
warranted after organ transplantation. While several catego-
ries of patients might benefit from preemptive therapy, trans-
plant recipients with early primary CMV infection will gain the
most benefit. This mode of therapy has made possible the safe
administration of antilymphocyte antirejection therapy in pa-
tients with steroid-resistant disease (483). Early detection of
infection may have important consequences for patient man-
agement. At present, there is no consensus on whether PCR or
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antigenemia testing is to be preferred in directing preemptive
treatment. Besides, new developments are rapidly occurring in
CMV diagnostics, necessitating the need for continued study
and clinical validation of test methods. In addition, the devel-
opment of effective, safe, inexpensive oral antiviral agents may
preclude the need for preemptive therapy.

Adoptive Immunotherapy

Since immunity to CMV prior to transplantation decreases
the incidence of CMV disease following transplantation,
boosting the immune system after transplantation should have
a beneficial effect in decreasing CMV disease. A fascinating
new development in CMV immunotherapy is the concept of
adoptive transfer of CMV-specific cytotoxic T cells (248). Class
I major histocompatibility complex-restricted CMV-specific cy-
totoxic lymphocytes are important in the control of CMV in-
fections in healthy and immunosuppressed individuals (365,
374). Expanding the number and function of virus-specific cy-
totoxic T lymphocytes to reduce the incidence of CMV disease
following bone marrow transplantation is now a reality (376,
489). Tentative experience of using T-cell immunotherapy of
CMV infection in bone marrow transplant recipients reveals
that therapy with CD81 T cells prevents CMV disease and
accelerates the resolution of active infection (357, 445). This
approach has not been evaluated in the solid-organ transplant
recipient population.

CONCLUSIONS

While CMV disease continues to be a formidable issue in
clinical transplantation, substantial progress has been made
during the last decade with respect to the diagnosis and mon-
itoring of CMV infection. Sensitive detection systems for
CMV-specific proteins and nucleic acid sequences have been
developed. In addition, although CMV infection (like most
other infections in the transplant recipient) is better prevented
than treated, much progress in the treatment of active infec-
tion has been made. A strong motivation for continued phar-
maceutical development is making available nontoxic, orally
active antiviral drugs that will further improve the clinical
management of this infection. The impetus for research in the
present era not only is toward the treatment of active CMV
disease but also has focused on the prevention of the far-
reaching consequences of CMV infection and disease in the
overall long-term outcome of this vulnerable patient popula-
tion. It is likely that emerging technologic advances and spe-
cific antiviral agents will play increasing roles in the investiga-
tions of CMV infection in the next few years. Thus, a combined
prevention-treatment plan for the management of CMV dis-
ease is now a reality.
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